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PREFACE 


Tur intention of the authors in the preparation of this book 
has been to present in as simple terms as possible the fundamental 
and theoretical principles relating to the internal combustion 
engine, and to describe the various methods of applying these 
principles to practical construction. The book does not in any 
way treat of the proportioning and the strength of the various 
machine parts. 

The general treatment of the subject is indicated by the 
various chapter headings. Thus the first five chapters relate to 
definitions and theoretical considerations, the subjects being 
as follows: 


CHAPTER I. DEFINITIONS AND CLASSIFICATION. 

CHAPTER II. THERMODYNAMIC PRINCIPLES. 

CHAPTER II]. THEORETICAL DISCUSSION OF VARIOUS CYCLES. 
CHAPTER IV. THEORETICAL CYCLES MODIFIED BY PRACTICE. 
CHAPTER V. THE TEMPERATURE-ENTROPY DIAGRAM. 


In the discussion on theoretical cycles in Chapter III, very 
little reference has been made to cycles not in actual use. The 
cycles are considered principally with reference to their practical 
application and any danger of confusing the mind of the student 
by a multiplicity of theoretical cycles of no practical value is 
avoided. The main idea of Chapter IV is to show how the lines 
of the real cycles differ from those of the theoretical cycles laid 
down in the previous chapter, and to discuss briefly the reasons 
for such difference. 

The five chapters following, VI to X inclusive, take up the 
phenomena of combustion, the various gas-engine fuels, and the 
formation and properties of the fuel mixture. Thus, Chapter VI 
treats of combustion in general and discusses the most important 
properties of the gases usually found in gas-engine practice. 
Tables are given embodying the important constants for many of 
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these gases, and the chapter ends with some type computations 
on fuel-mixture and exhaust gas constants which may serve as a 
guide for similar work by the student. 

The question of gas-engine fuels is treated in the next three 
chapters by dividing all the fuels into three classes: the solid, the 
liquid and the gas fuels. Chapters VII and VIII take up the 
first two of these classes. Broadly speaking, neither class of 
fuel is directly available for gas-engine work, hence it was thought 
desirable to show in these chapters also the means by which these 
fuels are rendered available. Accordingly, Chapter VII discusses 
producer gas and describes the construction and operation of 
the most important types of producers, while Chapter VIII con- 
sists largely of a description of the various vaporizing devices 
used for crude oil, gasoline, kerosene, and alcohol. The latter 
fuel, recognizing its growing importance, has been treated in 
some detail. Chapter IX relates to industrial gases, pointing 
out briefly the method of their manufacture and giving the most 
important gas constants. 

In Chapter X, after discussing the fuel mixture and its most 
important properties, an attempt has been made to collaborate 
the most important experiments on the variation of the specific 
heat of the fuel gases with a view to ascertaining the present 
state of our knowledge on this point. 

Chapter XI gives a brief outline of the historical development 
of the gas engine, the various types being described only where 
they are of importance in connection with the development of 
modern forms. This is followed in Chapter XII by an extended 
description of the most important forms of internal combustion 
engines found in the market at the present time. The aim of 
this chapter has been not only to show how the various manu- 
facturers have ‘solved what is fundamentally the same problem, 
but also to familiarize the student, by means of a large number of 
illustrations, with the” main constructive features of the gas 
engines at the disposal of the man requiring power. 

Two of the important problems connected with the gas engine 
are the questions of ignition and of governing. The former is 
taken up in detail in Chapter XIII. This chapter, after mention- 
Ing briefly other methods of ignition, concerns itself mainly with 
ignition by electric spark, as being the most important method 
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used to-day. The chapter also takes up briefly two other gas- 
engine auxiliaries: mufflers.and starting apparatus. 

Chapter XIV treats the governing problem by discussing first 
the principles of the various systems of governing employed, and 
afterward shows the mechanical details of the governors used. 
It is beyond the scope of this book, however, to treat of the prin- 
ciples of governor design. 

Chapter XIV discusses various methods in use for determining 
the necessary cylinder dimensions of a gas engine to develop a 
certain given power, or conversely, to determine the probable 
power for a given engine. The most reliable of these methods 
appears to be based upon the necessary charge volume for the 
given power. This method, the authors believe, was originally 
due to Giildner, and was adapted from that author’s hand-book 
“ Entwerfen und Berechnen der Verbrennungsmotoren.” 

For the determination of the power of automobile engines, 
two additional semi-empirical formule are given, and the results 
of the computations by the various methods are compared by 
means of a type example. 

The remaining three chapters of the book treat of what might 
be called the economic side of the internal combustion engine. 

Chapter XVI takes up the methods used in the testing of gas 
engines. The rules followed in this country will be of course 
the code laid down by the American Society of Mechanical Engi- 
neers. The Code of the German Society of Engineers, however, 
is appended, because it gives additional information upon some 
of the points involved and because it treats in greater detail of 
gas producers. 

The results of: tests on engines and producers are discussed in 
Chapter XVII. The various factors affecting economy are taken 
up in somewhat greater detail than has been done in any of the 
previous chapters. Tables are given showing the results of 
numerous tests and these should prove valuable in furnishing a 
guide as to what may be expected of other installations in the 
matter of fuel economy. 

Finally, while Chapter XVII treats only of the question of 
fuel economy, Chapter X VIII takes up the entire financial problem 
relating to the gas engine. It shows in brief, as far as the infor- 
mation is available, the probable capital cost of the installation, 


vill PREFACE 


the cost of erection, the operating expenses, etc. It is shown 
most strongly that the question of fuel cost is not always the im- 
portant item of the problem, a point which is often lost sight of in 
discussions regarding the comparative merits of various prime 
movers. It must be confessed that reliable information regard- 
ing some of the factors in this financial problem is still very scarce, 
owing, of course, directly to the comparative youth of the gas 
engine. It should also be pointed out that many so-called com- 
parisons between various prime movers, as between steam and 
gas, are often based upon hypothetical assumptions that fit only 
the particular case under discussion, and any generalization of 
the results obtained often leads to serious misrepresentation. 

The book is of course largely compiled from different sources 
and is in the main an outgrowth of a course of lectures on the 
internal combustion engine delivered to students of Sibley College 
for the past three years. Acknowledgments are due to numerous 
writers upon the subject for the facts and statements presented. 
The acknowledgments have generally been made in the body of 
the book, but the authors desire to extend herewith special 
acknowledgment to the following European authorities: Messrs. 
H. Giildner, Dugald Clerk, Bryan Donkin, and Aimé Witz, and to 
Professor C. E: Lucke of Columbia University and Mr. F. E. 
Junge of New York. 

Thanks are also due to various manufacturers for kindly fur- 
nishing the text and illustrations of Chapter XII. 


Irnaca, N. Y., 
April 23, 1908. 
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CHAPTER I 


INTRODUCTION, DEFINITIONS, CLASSIFICATION, AND FORM OF 
INTERNAL COMBUSTION ENGINES, INDICATED AND BRAKE 
HORSE-POWER 


1. Mechanical Work.— Work is done when resistance is 
overcome; it is measured by the product of the resisting force 
and the distance through which that force is moved. If one 
pound is lifted one foot high in opposition to the force of gravity, 
a quantity of work, measured by the product of one pound by 
one foot, is performed, which quantity is known as a foot-pound, 
and is the unit of measurement for mechanical work in countries 
where the pound is a unit of weight and the foot a unit of dis- 
tance. If 20 pounds are lifted 15 feet the work performed would 
be similarly 20 < 15 foot-pounds = 300 foot-pounds. 

In countries where the metric system is used mechanical 
work is measured by the product of the resisting force in kilo- 
grams (2.2046 pounds) multiplied by the distance in meters 
(3.2808 feet); the product is expressed in kilogrammeters (7.233 
foot-pounds). 

The foot-pound or kilogrammeter is a gravity measure which 
depends on the intensity of the force of gravity at the place, 
_and varies with that force. The variation is, however, so slight 
for different positions on the earth’s surface that for all practical 
engineering work no sensible error is produced by. considering 
it a constant quantity. 

The unit of measurement usually employed by engineers for 
expressing the rate of work, or the quantity of work done in a 
given time as one second or one minute, is the horse-power, 
which has been arbitrarily defined as equivalent to 550 foot- 
pounds per second or 33,000 foot-pounds per minute. This 
quantity is considerably greater than the power a horse can 
exert, at least for any considerable length of time; it was first 
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used by James Watt in defining the power of the steam engine 
and has been established by long use as a definite measure of 
power. In France the term Force de Cheval is applied to a rate 
of work of 75 kilogrammeters per second (5424 ft. lbs.) or 4500 
kilogrammeters per minute (32549 ft. lbs.). 

In general, if W be the work performed against the pressure 
or resisting force p while moving through the space or volume v, 


W = pv. (1) 


Work is done when force is applied so as to produce motion 
in the direction of action of the force, and also when force is 
employed in changing the velocity of a body already in motion. 
The latter condition is of considerable practical importance and 
can be considered as follows: Suppose a body whose mass is M 
be moving in a certain direction with a velocity u, and let a force 
exerting a momentum P be applied in the direction of motion, 
required to find the effect produced by this force acting through 
the small time ¢, during which the body moves through the space 
v, and has at the end of the time the velocity w’. 

The momentum produced by the force in one unit of time is 
P, and in t units of time it is Pt. Since this is equal to the increase 
of momentum produced, we have 


Pit =M (Q/.— 4%). 


As the space is equal to the mean velocity multiplied by the 
time, we have 


v= 4t(w+u)t. 
By multiplying the above equations, 


Pot = 4 (Mu? — Mu?) t; 
dividing by t, 
Py = 4 (Mu” — Mv?) (2) 


Pv is the mechanical work done in overcoming a resistance; 
the expression + Mv? is the kinetic energy. From this it is seen 
that the mechanical work done is measured by the increase in 
the kinetic energy produced. 

The mechanical work done by a fluid during a change of 
volume from v to v’ is equal to the mean resistance overcome, or 
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pressure exerted, p, multiplied by the change of volume. That 
is, in general, 
W = ee ” pdv (3) 
W =p’ —») 


In the operation of an engine, the working fluid expands and 
contracts as the piston moves forward and backward, and in one 
or more revolutions returns to its initial condition, so far as 
pressure, volume and temperature are concerned, and then - 
passes through the same stages of expansion and contraction as 
before. The period through which these changes take place is 
termed a cycle. 

The work performed in a cycle would be equal to the mean 
pressure, p, exerted, multiplied by the total volume, v’, swept 
through; that is 

W = pv’. (4) 

Mechanical work can be represented by a diagram in which 
the pressure exerted or resistance overcome, p, is represented by 
the ordinates, and the volume v by the abscissa. Such a diagram 


is called a pressure-volume diagram; its area is equal to eft pdv, 


and is proportional to the work performed. 

Thus in Fig. 1-1, if the distances parallel to OY represent 
the pressure at any given point, and the distances parallel to OX 
the corresponding volume, then will the total work done in chang- 
ing from the highest to the lowest pressure and from least to 
greatest volume be represented by the area of the figure a b d e f. 

2. Heat. — Heat is a peculiar form of energy; it may be 
generated by the application of mechanical work, the amount so 
produced being exactly proportional to the mechanical energy 
which disappears. Conversely, mechanical work may be done 
by the action of heat, and for every foot-pound of work so done 
a definite amount of heat is put out of existence. Heat is also 
produced by a form of chemical action known as combustion, 
during which operation fuels are burned. 

3. Temperature. — The temperature of a body is defined 
by Maxwell* as “its thermal state with reference to its power of 
communicating heat to other bodies.” 


* Theory of Heat. 
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A body transmitting heat to another is at a higher tempera- 
ture and is said to be hotter; conversely, one receiving heat is at 
a lower temperature and is said to be colder. 

Heat flows from a hotter to a colder body, but not conversely, 
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Fre. 1-1. — Pressure-volume or Work Diagram. 


and the rate of flow increases with the difference of temperature, 
although probably not exactly in the same ratio. The difference 
of temperature thus causes a flow of heat in a manner somewhat 
smiliar to that caused by a difference of pressure in the case of 
water. 

The terms hotter and colder are relative ones commonly applied 
to distinguish substances having relatively a higher or lower 
temperature. It should be noted that temperature is that 
property of heat which refers to its intensity or transmission 
power also, that heat energy may exist at different tempera- 
tures, and, furthermore, in one condition may be much colder 
than in another. 
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The following scales of temperatures are in common use in 
which the temperatures, of. freezing and boiling water under a 
barometric pressure of 29.92 inches are taken as points of 
reference. 

The Centigrade scale was introduced by Celsius, professor of 
astronomy in the University of Upsala about 1742; in it the freez- 
ing-point is marked 0 degrees and called zero, and the boiling- 
point is marked 100 degrees. The simplicity of dividing the 
distance between the points of reference into 100 parts and call- 
ing each of them a degree has caused it to be generally adopted 
along with the Metric System for scientific use, especially on the 
Continent of Europe. The other scales are called by the names 
of those who introduced them. 

Fahrenheit of Dantzig, about 1714, introduced a thermometer 
scale in which the freezing-point was marked 32 degrees and the 
-boiling-point 212 degrees, the space between the reference points 
being divided into 180 equal parts called degrees, and the 
graduation extended above and below the points of reference. 
A point 32 degrees below freezing was called zero. Despite the 
inconvenience of the scale of the Fahrenheit thermometer it is 
in general use by English-speaking people for commercial and 
business purposes, and for that reason will be used principally in 
this treatise. 

Réaumur introduced a thermometer scale about. 1730 in 
which the freezing-point is marked 0 degrees and the boiling- 
point 80 degrees, which is used to some extent on the Continent of 
Europe for medical purposes. 

The following table gives the comparative value of the three 
thermometric scales: 

THERMOMETRIC SCALES 











| Fahrenheit | Centigrade | Réaumur 
Degrees between freezing and boiling. . 180 100 80 
Assumed temperatures at freezing-point 32 0 0 
Assumed temperatures at boiling-point 212 100 80 
Comparative length of a degree....... 1 1.80 2.25 
Comparative length of a degree....... 3g 1. 5 


To transform into absolute tempera- 
UOT ENEG KGW gut oo oath Ea DIONE RO ROR 460° 273° 218° 
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4. Absolute Temperature is an expression for the value 
of temperature measured from an ideal point called the absolute 
zero, which is assumed to be the lowest possible point on any 
scale of temperature. The position of the absolute zero can be 
calculated by the law of expansion of a perfect gas, which is 
expressed by the simple equation 


Ue 5 
eu (5) 


in which p = the pressure, v = the volume of a given mass of 
gas, 7 =the absolute temperature, and R = a constant which 
varies only with the different kinds of gas. This equation can 
be considered as the characteristic equation of a permanent gas, 
from which 7 can be computed if p, v, and & are known, which is 
the case with most of the gases. ; 

It is evident that the value of one degree of absolute tempera- 
ture can be taken at pleasure as equal either to that on the Cen- 
tigrade or Fahrenheit scale. 

The exact location of the position of absolute zero is some- 
what in doubt since it is determined by the relative expansion 
of air, nitrogen, or hydrogen under a constant pressure; these 
gases are not perfect gases and the expansion in volume per 
degree of increase in temperature may not be exactly the same 
as for a gas which could not be lquefied for any conditions of 
pressure or temperature. Preston in his work on the Theory of - 
Heat states that the most trustworthy observations indicate that 
the absolute temperature of freezing water is 273.14 Centigrade, 
which would correspond to 491.65 Fahrenheit. It is sufficiently 
near for all practical purposes to consider the temperature of 
freezing water on the absolute scale as 273 degrees Centigrade or 
492 degrees Fahrenheit, and these numbers will be used in this 
treatise in reducing to the absolute scale. 

From this it is seen that to reduce to the absolute scale it is 
necessary to add to the temperature, if expressed in degrees, 
Fahrenheit 460, or if in degrees Centigrade 273. 

5. Thermometers. — Instruments for measuring temperature 
are called Thermometers. 


The expansion of a gaseous, liquid or solid body under con- 
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stant pressure is almost, if not exactly, proportional to the 
increase of temperature, estimated from absolute zero. 

In the thermometer in common use the tempera- 
ture is measured by the expansion of mercury, con- 
fined in a glass tube, from which the air has been 
exhausted. Such a thermometer is quite satisfactory 
within the range of temperature through which mer- 
cury will remain liquid. In the better grades of mer- 
curial thermometers the graduations are cut with 
extreme care directly on the stem. The glass is care- 
fully selected and is permitted to season or age until 
molecular changes have stopped before 
graduation. The general appearance of 
such thermometers is shown in Fig. 1-2. 
When thermometers are likely to be 
used in temperatures which would send 
the mercury column above the limits of 
the graduations, it is desirable to have 
an extra bulb, called a safety-bulb, at the 
top, to prevent breaking from overheat- 
ing. Mercurial thermometers can be used 
from a temperature about 40 degrees 
below zero to 600 degrees above zero 
Fahrenheit. By Ailling the space above 
the mercury with some neutral gas as 
N or CO, under pressure the upper limit 
may be raised some hundred degrees; 
but as the melting-point of glass is low, ‘ 
the upper limit can scarcely ever exceed ae 

: 800 degrees to 900 degrees Fahrenheit. ger 
Bre: .1-3.— MeratLic THERMOMETERS in which 

Motallie the expansion of a metal, or the difference in expan- 
Pyrometer. ion of metals of two different kinds, is multiplied 

by a system of levers so as to move a hand over a dial are fre- 
quently used for the measurement of temperature. Such ther- 
mometers are sometimes called pyrometers. An illustration of 
such a thermometer is shown in Fig. 1-3. 

The metallic thermometer can be used for temperatures not 
exceeding 1200 degrees to 1500 degrees Fahrenheit, but it is sel- 

















Fig. 1-2.— 
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dom an instrument of accuracy and is extremely liable to acci- 
dent. The scale of these instruments should be frequently com- 
pared with the boiling-point, and adjusted if not found correct. 

It has already been shown that air or permanent gases like 
nitrogen and hydrogen when under a constant pressure will ex- 
pand in volume in proportion to the absolute temperature, or 
when confined so as to have a constant volume will increase in 
pressure in proportion to the absolute temperature. 

It follows from this that if air be maintained at a constant 
volume and heated, its absolute pressure will increase with the 
absolute temperature, or vice versa, if it be maintained at con- 
stant pressure, its volume will vary with absolute temperature. 

The air thermometer constructed in accordance with either 
principle is used as a standard way of measuring temperature, 
but because of the extreme difficulty of maintaining constant 
pressures or constant volumes it is an awkward instrument to 
use and is employed very little in the ordinary measurement of 
temperature. The Jolly form of constant volume air thermom- 

eter is shown in Fig. 1-4. The leg 

he C F has a flexible connection at the 

c bottom and may be raised to maintain 

.4g aconstant volume of air from the bulb 

L to the line A B. The increase of 

6 pressure is measured by a scale attached 
© to CG. 

ELECTRICAL THERMOMETERS. — 
Temperature may be measured by elec- 
trical thermometers, of which there are 
two classes. In one class a conducting 
circuit is formed of two different metals, 
Fie eedolly a There such a construction being frequently 

iomoter! termed a thermo-element, a number of 

these connected together is known as 

a thermopile. In this construction an electro-motive force is pro- 
duced which is proportional to the difference of temperature of 
the junctions and may be measured by a sensitive galvanometer. 
If one of the junctions be maintained at a constant or known 
temperature, the temperature of the other may be computed 
from the reading of the galvanometer. For the measurement of 






{< 
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high temperature, metals having a high melting-point, such as 
platinum and a platinum-iridium alloy, may be used for the ele- 
ments. . 

The LeChatelier pyrometer is an instrument of this class; 





Fig. 1-5. — The LeChatelier’s Electrical Pyrometer. 




















it consists of a galvanometer connected to a thermo- 
element B as shown in Fig. 1-5 and is extensively 
used; the thermo-element is constructed of plati- 
num and platinum-rhodium,and is enclosed in a 
porcelain tube, as shown in Fig. 1-6. 

The Bristol pyrometer which may be had with a 
recording device belongs to the above class. 

Another class of electrical thermometers is based on the law 
of increase of electric resistance of metals due to the rise of tem- 
perature. With this class of thermometers the difference in 
temperature can be determined from the measurement of the 
drop in potential for a known current passing through a coil. 
This method is employed in the platinum thermometers of Sie- 
mens, Calendar, and various others. The electrical thermom- 
eters are superior to all others for many uses. 

Optica, Prromerers. — The approximate temperature of in- 
candescent bodies may be determined by the color of the radiant 
rays. Pouillet, as the result of a large number of experiments, 
concluded that all incandescent bodies have a definite and fixed 


10 INTERNAL COMBUSTION ENGINES 


color corresponding to each temperature, as shown in the follow- 


ing table: 














Color Temp. C. Temp. F. 
Faint red 525 927 
Dark red 2. a0 1292 
Faint cherry 800 1482 
Cherry 900 1652 
Bright cherry 1000 1932 
Dark orange 1160 2120 
Bright orange 1200 2192 
White heat 1300 2372 
Bright white 1400 2552 . 
Dazzling white 1500 2732 








The fixed relation between color and temperature is due to 
the fact that the color of an incandescent body varies with the 
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Fic. 1-6. — The 
Le Chatelier 
Thermo-EHle- 
ment. 





wave length which is a function of the tempera- 
ture. A number of optical pyrometers have 
been devised which determine the temperature 
by the appearance of the heated body. The 
Mesuré and Noel pyrometer changes the wave 
lengths by the rotation of the plane of polariza- 
tion of light passing through a quartz plate cut 
perpendicularly to its axis. In the use of the 
instrument the temperature is measured by 
noting the angle through which the analyzer is 
turned in order to produce a lemon yellow color. 

The Morse thermo-gage, which is extensively 
used in the steel industry, consists of an incan- 
descent lamp with a rheostat arranged so that 
the current flowing through it and its conse- 
quent brightness may be regulated. When the 
film of the incandescent lamp becomes the same 
color as that of the object the temperature is 
computed from the reading of a milli-voltmeter 
arranged to measure the current. The tempera- 


ture corresponding to a given electrical reading is determined by 


calibration. 


The optical pyrometers are convenient and of approximate 
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accuracy in determining high temperatures of incandescent bodies. 
They are of no value in determining temperatures of combustible 
objects. 

Vapor THERMOMETERS. — The pressure produced by a satu- 
rated vapor confined in a closed vessel increases with the tem- 
perature, in accordance with a known law or a law which may 
be determined. By providing a suitable pressure gage and 
attaching it to a closed vessel of the proper shape the tempera- 
ture may be obtained from the pressure readings, the value of 
which are known, or from the dial readings of the pressure gage, 
which may be graduated by trial into degrees of temperature. An 
instrument of this type is made by Schaeffer and Budenberg and 
called by them a Thalpotasimeter. 

CaLOMETRIC THERMOMETER. — The temperature can also be 
measured by calometric methods, by heating a body of known 
weight and specific heat to the temperature which it is desired 
to measure, then transferring this body with as little cooling as 
possible to a vessel containing a known weight of water. 

The equation for this operation will be expressed as follows: 


Wtf) = ws (t, = 0), 


in which W = equivalent weight of water and its containing 
vessel. 
w = weight of heated body. 
s = specific heat of hot body. 
t’ = original temperature of water. 
t = final temperature of water. 
t, = temperature of hot body. 


A ball of platinum, copper, porcelain, or burned fire clay answers 
nicely for the body to be heated. 

Fuston THERMOMETERS. — The temperature can be approxi- 
mately determined from the known melting-points of metallic 
bodies, on the principle that the temperature will be highor 
than the melting-point of a body that melts, and lower than the 
melting temperature of one that does not melt. In place of 
metallic bodies a series of fusible clay cones called “Seger cones,”’ 
whose melting-points are known, are often employed in the same 
manner. 


12 INTERNAL COMBUSTION ENGINES 


6. Specific Heat. — Different materials of the same weights 
have different capacities for absorbing heat for a corresponding 
change of temperature; thus one pound of water will absorb 
about nine times as much heat as one pound of wrought iron for 
the same change of temperature. This peculiar heat capacity 
of bodies compared with water is termed specific heat, which is 
usually defined as follows: 

The specific heat of a body is the ratio of the quantity of heat 
required to raise that body one degree in temperature, to the 
quantity required to raise an equal weight of water at standard 
temperature one degree. 

The specific heat of water is not quite constant, being nearly 
three fourths of one per cent higher at the boiling and freezing 
temperatures than at fifteen degrees Centigrade; this is shown by 
the following table from the book of Steam Tables by Professor 
Peabody: 


Speciric Heat oF WATER 














Centigrade Fahrenheit Specific Heat 
0°—5° 32°— 41° 1.0072 
5 —10 41 —50 1.0044 
15 —20 59 —68 1.00 
20 —25 68 —77 0.9984 
25 —30 77 —86 0.9948 
30 —35 86 —95 0.9954 
40 —45 104 —113 1.00 
45 —155 1138 — 311 1.008 
155 —200 311 —392 1.046 











7. Specific Heat of a Permanent Gas.—In general the 
conditions under which the change of temperature occurs should 
be distinctly specified, for the temperature of a body may be 
varied by the mechanical work done in the compression or ex- 
pansion which occurs. The change of volume due to increase 
of temperature is so small for solids and liquids that the external 
work in change of volume may be neglected, but such is not the 
case for gases. For this reason the conditions under which the 
heating of a gas takes place must be stated when referring to its 
specific heat, and it has become customary to speak of two spe- 


INTRODUCTION, DEFINITIONS, ETC. 13 


cific heats in connection with any gas, namely, the specific heat at 
constant volume, and the specific heat under constant pressure. 
The former is the quantity of heat required to raise the tempera- 
ture of a unit mass of the gas one degree when its volume is kept 
constant, and the latter the quantity of heat required to raise the 
temperature of a unit mass one degree when the pressure is kept 
constant, compared with that of a unit mass of water. In the 
first case the pressure increases while the volume is kept constant 
and no external work is done; in the latter the volume increases 
under constant pressure, and an amount of external work is done 
which is measured by the product of the pressure by the change 
‘of volume. 

The specific heat of a gas at constant volume bears a known 
relation to the specific heat at constant pressure, so that if one 
be determined experimentally the other may be computed. It 
will be shown later that the specific heat at constant pressure 
equals the specific heat at constant volume plus a constant which 
depends on the nature of the gas. That is, 


C, =C, + & when expressed in heat units, and 
K, = K, + JR& when expressed in foot-pounds. 


The following table gives the specific heats of constant pres- 
sure and volume of the principal gases: 


Tasie oF Sprciric Heats 














Gas | Cp | Cy | y | Gas Cp | Cy | 7 
H 3.4090 DALE 1.41 CO 0.2479 | 0.1738 | -1.41 
O 0.2175 0.1543 1.41 CO, | 0.2169 | 0.157 1.29 
N 0.2438 0.1729 1.41 CH W105 929 We oe cap cartels 
Air 0.2375 0.1684 1.41 C.H,| 0.4040 | 0.320 1.26 
H.O(vapor)} 0.4805 0.3585 1.34 








In the above table C, = Specific heat of constant pressure. 


C', = Specific heat of constant volume. 


y=C,+C, 


The specific heat of a perfect gas is considered constant by 
most English writers who discuss the subject. Quite a number 
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of experiments have shown, however, that it varies with both the 
pressure and the temperature. 

In the French work by A. Witz the following formula is given 
for the change of specific heat with pressure: 

C,=atb(—p- 1), in which a and 6b are constants for each 
gas and p the pressure in kilos per square centimeter. 

The specific heat of all vapors which are liquefied at moderate 
temperature undoubtedly increases with the increase of tempera- 
ture. This subject is fully discussed in Chapter X of this work. 

In this work the specific heat of gases will be considered con- 
stant unless otherwise mentioned. Any error caused by such 
consideration will not usually be serious, and by so doing the 
various formulas which express the heat capacities under actual 
working conditions are much simplified. 

The specific heat of a mixture of various gases constituting 
a known weight or mass is equal to the mean specific heat of the 
mixture, and is found by multiplying the weight of each component 
part by its specific heat and dividing the sum of the products by 
the total weight. 

8. The Heat Unit.— Heat is measured by its capacity to 
raise the temperature of a known weight of water. The unit of 
measurement is termed a calorie in the metric system, and a 
British thermal unit (B. T. U.) in the English system. _ A calorie is 
commonly defined as the heat required to raise one kilogram of 
water from the freezing-point to one degree Centigrade, and a 
British thermal unit (B. T. U) that required to raise one pound of 
water from 32 to 33 degrees Fahrenheit. Because of the varia- 
tion in the specific heat of water near the freezing-point Professor 
Peabody in his Tables of Saturated Steam defines the thermal 
unit as that required to raise the temperature from 62 to 63 degrees 
Fahrenheit, or from about 15 to 16 degrees Centigrade. 

The specific heat of water changes slightly for different tem- 
peratures as already noted, but it can be considered as constant 
without sensible error for all ordinary purposes in the measure- 
ment of heat when the temperature is maintained between the 
freezing and boiling points. 

_ It is noted from the above statement that heat is measured 
not by the temperature alone but by its ability to heat a mass of 
water from one temperature to another; the total heat expressed 
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in thermal units being equal to the product of the weight of water 
by the change of temperature. Thus if 20 pounds of water be 
heated 25 degrees Fahrenheit, the heat required is the product 
of 20 times 25 = 500B. T. U. 

9. Mechanical Equivalent of Heat.— The mechanical 
equivalent of heat is the amount of work expressed in mechanical 
units which may be performed by the transformation of one heat 
unit into mechanical work. The value of the mechanical equiva- 
lent of heat was determined experimentally by Joule who found 
that 772 foot-pounds was equivalent to one B. T. U. or 425.6 kilo- 
grammeters to one calorie. The determinations made later and 
with more accurate instruments by Rowland, reduced to the sea 
level and to 45 degrees of latitude, give the following values which 
are now generally adopted: 


Expressed in calories, J = 426.9 kilogrammeters. 
Expressed in B. T. U., J = 778 foot-pounds. 


In this work J is used as the symbol for the mechanical 
equivalent of heat, and A as the reciprocal of J. That is, 
J = 1A. 

The experiment by means of which the equivalent value of 
the heat unit was determined in units of mechanical work serve 
to prove the general mechanical principle of the conservation of 
energy, which had been previously stated by Clausius as follows: 
“Tn all cases where work is produced by heat, the quantity of heat 
consumed is proportional to the work done; and conversely, by the 
expenditure of the same amount of work the same quantity of heat 
may be produced.”” This principle is often called the first law of 
Thermodynamics. 

10. Entropy.— One of the qualities or properties of heat 
which cannot be measured by any simple physical apparatus is 
termed “Entropy.” This same quality was named by Rankine 
“the Thermodynamic Function’’; its value is such that its change 
during a given time multiplied by the absolute temperature 
equals the total heat which may be transformed into mechanical 
work. From this definition it is noted that the product of abso- 
lute temperature by change of entropy is the measure of the 
capacity of heat for performing mechanical work. 

As an illustration, if a gaseous body under pressure be allowed 
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to expand without receiving or giving off heat its entropy would 
remain constant and any mechanical work performed would be 
done at the expense of the heat existing in the body. <A change 
which takes place without gain or loss of heat is termed adiabatic, 
which condition corresponds to that of constant entropy. 

Expansion or compression of a body taking place without 
change of temperature is called isothermal expansion or compres- 
sion, and lines drawn in a diagram indicating this property are 
termed “‘isothermal’’ lines. 

Change of entropy with respect to heat is in many respects 
analogous to change of volume in respect to mechanical work; 
it has already been shown that the mechanical work is equal -to 
the change in volume multiplied by the resistance or pressure 
overcome. If we denote the total heat capable of being trans- 
formed into mechanical work by Q, the change of entropy by ¢ 
and the absolute temperature by 7’, we shall have the following 


equations: Wiese 
Q = (¢- ¢)T. 


From the first of the above equations it is noted that no 
mechanical work can be done without a change in volume, and 
further, that the amount of work done is measured by the change 
of volume multiplied by the pressure. 

From the second it is seen that no change in the amount of 
heat which a body contains can take place without a change 
in entropy, for when ¢= ¢’, Q=0O. The amount of heat 
transferred is measured by the change of entropy multiplied 
by the absolute temperature. 

From the above 

id 
v—v = — 
Pp 
From which is seen that the change in volume is equal to the 
mechanical work performed divided by the mean pressure. 


Q 
a 
Pe oie 

From which it is seen that the change in entropy is equal to 
the total heat transformed into work divided by the absolute 
temperature. 
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11. Classification of Engines— The action of an engine 
is, in general, to produce motion against a resistance or to per- 
form work. Engines are popularly classified in accordance with 
the nature of the working fluid, as hydraulic engines, steam 
engines, gas engines, oil engines, etc. They may be more scientifi- 
cally classified in accordance with the nature of the working 
process as pressure engines and heat engines. In the pressure 
engine work is produced by change of pressure without change of 
temperature, as illustrated in the piston water engine. In the 
heat engine work is produced by transforming heat into mechani- 
cal work, which process is accompanied with change of tempera- 
ture, and usually, also, a change of pressure. 

In mechanical structure engines are of two classes, recipro- 
cating and rotary. In the reciprocating engine a piston free to 
move in a cylinder is pushed backward and forward by alternate 
changes in pressure of the fluid against either face. The recipro- 
cating motion of the piston is converted into a continuous rotary 
motion by a mechanism usually consisting of crank and fly-wheel 
which will be described later. In the rotary engine a rotary 
motion is directly produced by the force due to pressure, impulse, 
or reaction acting upon revolving blades or pistons arranged in a 
suitable casing. The term is often confined to a structure with 
a revolving piston in which motion is produced by a difference 
of pressure, whereas the term turbine is applied to the structure 
when rotation is produced by impulse or reaction of the jet. In 
a general way the turbine is a species of rotary engine. This 
treatise will be principally confined to internal combustion engines 
having a piston with reciprocating motion. 

Engines are classified as single acting when the propelling 
force is applied to one side of the piston only, and as double acting 
when it is applied alternately to both sides. 

Engines are classified as simple, compound, triple, expansion, 

e., depending on the number of cylinders through which the 
working fluid passes in succession as it expands from highest to 
lowest pressure. 

12. Classification of Heat Engines. — Heat available for use 
in a heat engine is usually produced by a species of chemical 
action termed combustion. Heat engines may be classified in 
accordance with the location of the place of combustion with 
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respect to the working cylinder as external combustion engines 
and internal combustion engines. 

The external combustion engines include steam and other 
vapor engines, hot air engines, and some forms of gas or oil engines; 
the internal combustion engines include all the usual forms of 
gas and oil engines in which the fuel is consumed in the working 
cylinder. In this work the term gas engine will be frequently 
used as including all forms of internal combustion engines adapted 
to burn gas or vapor irrespective of the nature of the fuel. 

Of these various types of engines the steam and the gas 
engines are the only ones of practical commercial importance at 
the present time. The hot air engine was built extensively about 
fifty years ago, and its theory was thoroughly investigated at 
that time. It failed as a commercial machine because of the 
high cost of repairs and operation; it is principally useful at the 
present time as illustrating the practical application of certain 
thermodynamical principles. 

As the steam engine and hot air engine have a practical bear- 
ing on the internal combustion engine, a short description is 
inserted. 

13. The Steam Engine.— The mechanism of the steam 
engine and its mode of operation should be familiar to all students 
of the internal combustion engine. The term steam engine is 
used here in its broad sense, including the boiler, the engine proper, 
and all the accessories necessary for its operation. In the mode 
of operation of the steam engine, steam is produced at any de- 
sired pressure by the combustion of fuel in a furnace beneath the 
boiler, which latter is a strong closed vessel containing a certain 
amount of water and into which water is introduced by a feed 
pump as desired. The steam engine proper is provided with a 
cylinder in which is fitted a piston which is propelled by the 
steam pressure acting on one or both sides. The admission and 
discharge of the steam are controlled by a valve or valves moved 
by the mechanism of the engine, the form of which varies greatly 
with different types. In the more common form, a slide valve is 
used which is propelled backward and forward by a valve rod 
moved either by an eccentric or by a short crank attached to the - 
main shaft. The valve is operated so as to admit steam at nearly 
boiler pressure back of the piston for a portion of the stroke, and 
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then to cut off communication with the boiler, after which the 
piston is pushed forward by the expansive force of the steam. 
The valve is moved at the end of the stroke so as to open com- 
munication between the cylinder and the exhaust pipe, which in 
the case of a non-condensing engine discharges into the atmos- 
phere and in case of a condensing engine discharges into a 
more or less perfect vacuum. 

The motion of the piston is communicated, by means of a 
piston rod which slides through a stuffing-box at the end of the 
cylinder, to a block called a cross-head which moves in guides, 
from which motion is communicated by a connecting rod to the 
crank of the main shaft so as to produce rotary motion. 





< 
Fig. 1-7. — Double Acting Steam Engine. 


The train of mechanism of the ordinary double-acting steam 
engine which is used to communicate motion from the piston to 
the fly-wheel is shown in Fig. 1-7, in which P represents the 
piston, p the piston rod, H the cross-head, C the connecting rod, 
M E the crank, FE the crank pin, Ff the wrist pin, M@ the main shaft, 
G the fly-wheel, S the stuffing-box, which is used to prevent 
leakage of steam around the piston rod. The cross-head moves 
in guides K which direct its motion. One end of the connect- 
ing rod H has a circular motion, the other a rectilinear motion. 
In the view referred to the valves which admit steam alternately 
to the ends of the cylinder are not shown. 

A view of a two-cylinder single-acting engine is shown in 
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Fig. 1-8 in section. In this engine the steam is admitted only at 
one end of the cylinder at the proper intervals of time by the 
sliding motion of the piston valve V, which is operated by the 





Fie. 1-8. — Two-cylinder Single-acting Steam Engine. 


mechanism of the engine by means of a small crank attached to 
the main shaft and the various link connections shown. 

Steam engines are frequently built compound, in which case 
the steam works in succession in a small and large cylinder, 
termed respectively the high-pressure and low-pressure cylinder. 
These cylinders may be arranged side by side as in the view of the 
single-acting engine, Fig. 1-8, or they may be arranged in tandem 
as shown in Fig. 1-9. In the tandem compound engine shown 





Fic. 1-9. Tandem Compound Steam Engine. 
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the supply of steam is admitted, to the high-pressure cylinder 
by the slide valve V’ operated from the small crank E’, and to the 
low-pressure cylinder by the slide valve V operated from the 
eccentric LE. ; 

Since the application of pressure to the piston as described 
above is periodic and not constant, a fly-wheel consisting of a 
heavy mass of metal must be applied as shown, to produce 
uniform motion. To regulate the speed a governor is used, 
which is constructed so that the variation in centrifugal force 
either tends to cut off the supply of steam or to close the 
steam valves if the speed become higher than desired, or the 
reverse. a 

An indicator or pressure volume diagram of a steam engine is 
shown in Fig. 1-85. In this diagram vertical distances are pro- 
portional to pressures per square inch acting on the piston, and 
horizontal distances to the space passed through by the piston. 
The diagram shows the relation of pressure and volume at any 
point. The work done on the piston is proportional to the area 
of the diagram. 

The steam engine, as will be shown later, does not realize in 
the work performed as great an efficiency on the basis of the heat 
values of the fuels employed as the gas engine; but it has the 
advantage of being adapted for the burning of solid fuels under 
its boiler without converting/the same into gas, and this in a 
measure sometimes compensates for the greater heat losses. 
The steam pressure is exerted on the piston for a much larger 
portion of the stroke than an explosion in a gas engine piston, 
and as a consequence the inertia of moving parts is depended 
upon less for uniform speed than in the gas engine, as will be 
afterwards shown. 

In the past the steam engine has had a great advantage over 
the gas engine, due to the fact that it has been more reliable in 
operation and could produce a more nearly uniform motion. 
The development cf the gas engine has, however, removed in a 
large measure such defects, and at the present time there is no 
great difference in respect to reliability and regulation on the 
part of these two classes of engines. The use of a producer in 
which gas can readily be made from solid fuels also equalizes any 
advantages which the steam engine has had from that source. 
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14. Hot Air Engines.— The hot air engine is principally 
of importance to-day for its scientific value. Its actual com- 
mercial use is confined to pumping small quantities of water 
under favorable conditions. It is of scientific interest because 
it is the only heat engine yet produced which represents almost 
perfectly the standard ideal cycle of Carnot, with which the 
operation of nearly all heat engines is compared. 

In the hot air engine a mass of air is successively heated and 
cooled; during the time that it is heated either its volume or 
pressure increases, and during the time it is cooled the reverse 
operation takes place. Mechanical work is performed by the 
change of volume or pressure which is utilized for moving a piston. 

The principal varieties of air engines may be classified by the 
following distinctive features: 1. Change of temperature at con- 
stant pressure. 2. Change of temperature at constant volumes. 
3. Heat received and rejected at a pair of constant pressures. 

Ericsson’s engine, best known as the caloric engine, may be 
taken as an example of 
the first class. In this en- 
gine, air is admitted from 
the atmosphere to the 
compressing pump at the 
lowest working tempera- 
ture, and compressed, the 
temperature being main- 
tained constant by the 
action of some refrigerat- 
ing apparatus. The air 
when compressed enters a 
receiver. It is then ad- 

mitted to the working cyl- 
Zinder, being heated on its 
passage to the higher tem- 
perature, so that its vol- 
ume is increased and the pressure remains constant under the 
movement of the piston, then expands with its temperature main- 
tained constant at the higher limit, and is finally expelled into | 
the atmosphere, giving up its heat to the regenerator, to be used 
in heating the volume of air next introduced. 
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This engine is represented in Fig. 1-10. B is a working cylin- 
der, placed over the furnace H. This cylinder’ consists of two 
parts; the upper part in which the piston works is accurately 
turned, and the lower part in which the air receives heat from 
the furnace is less accurately made. A is the piston of the cylin- 
der, consisting of an upper part which is accurately fitted and pro- 
vided with metallic packings so as to work air-tight in the upper 
part of the cylinder. The lower part is somewhat smaller than 
the cylinder, is hollow, and filled with brick dust, fragments of 
fireclay, or some slow conductor of heat. The cover of the cylin- 
der B has holes in it marked a to admit the external air to the 
space above the piston. 

D is the compressing pump with piston, C, which is connected 
to the piston A by three or four piston rods, of which two are 
shown at dd. The space between the piston C and A is open to 
the external air. In operation the air is drawn into the compress- 
ing pump through the valve c, and is forced out after being com- 
pressed through the valve e into a receiver marked F. It is 
admitted at proper intervals of time by the valve 6 into the’ 
working cylinder B, being heated in its passage by hot plates 
in the vessel G, termed the regenerator. 

It is further heated while in the working cylinder by the heat 
from the furnace H, the effect of which is to increase the tem- 
perature. and volume underneath the piston. The increase of 
volume drives the piston to the end of its stroke. The exhaust 
valve { is opened by a mechanism connected to the engine and 
the working gases are forced outward through the regenerator, 
G, and discharge into the atmosphere through the pipe g. The 
regenerator is a vessel nearly filled with metallic plates’ which 
are heated by the escaping gases and give up heat to the engine 
gases, thus reducing in large measure the heat wastes from the 
engine. 

In some forms of the Ericsson engine the air entering the com- 
pressor through the valve c is taken from the exhaust opening 
g; with this arrangement the same mass of air is repeatedly warmed 
and cooled, the changes of temperature taking place at constant 
pressures. 

Ericsson’s caloric engine was employed to drive a ship across 
the Alantic in 1853. The ship was 250 ft. long, had paddle 
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wheels 32 ft. in diameter. On its first trial trip the ship made 
twelve knots an hour with the wind, burning six tons of fuel per 
day. On the second trial the maximum speed was nine knots. 
After this unfavorable circumstances came to light and in 1855 
the engine was taken out and a steam engine substituted. 

Extended accounts of the Ericsson and other hot-air engines 
will be found in Knight’s Mechanical Dictionary, 1873, in Apple- 
ton’s Cyclopedia of Mechanics, 1878, in Bourne’s work on the 
Steam, Hot Air, and Gas Engine, and in Rankine’s Steam 
Engine. 

Figure 1-11 represents the reciprocating parts of an air engine 
of the class in which temperature is changed at constant volume. 
Such an engine was designed and built by Dr. Robert Stirling 
about 1850, but improved by various other inventors, and is still 
built and sold for pumping small quantities of water as redesigned 
by Rider. 

In the figure D C A B is the air receiver or heating and cooling 
vessel, Which is provided with a furnace underneath, not shown 
in the diagram; G is the working eylinder with the working 
piston H. The receiver and cylinder communicate freely 
through the passage F’, which is open at 
all times when the engine is working. 
Within the receiver is an inner receiver 
or lining of a similar figure, which has 
its bottom pierced with many small holes 
shown with dotted lines in the cut. The 
annular space between the receiver and 
its lining extending along the side of the 
receiver contains the regenerator, which 
consists of a series of oblong strips of 
metal with narrow passages between 
them. The inner surface of the cylindri- 
cal part of the lining from A A to C C is 
turned and the plunger # is fitted nicely in this portion. The 
upper portion of the receiver D D is supplied with a horizon- 
tal coil of fine copper tube, through which a current of cold 
water is forced or it is jacketed with cold water,and is termed 
the refrigerator. It is thus noted that the bottom of the receiver . 
is kept hot while the top is kept cold. The plunger EF is con- 
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Fie. 1-11.—Stirling Hot 
Air Engine. 
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nected to the working mechanism of the engine so as to transfer 
a certain mass of air, which, may be called the working air, from 
the hot to the cold cna of the receiver, and in so doing making it 
pass up and down through the regenerator. The mechanism for 
moving the plunger £# is so adjusted that the up-stroke of that 
plunger takes place when the piston, H, is at or near the beginning 
of its forward stroke, and the down stroke of the plunger when 
the piston H is at or near the beginning of the back stroke. 

An air engine of class 3, which received and rejected heat at 
constant pressures, was designed by Jewell, but probably was 
never put into practical use. 

Hor Arr ENGINES OPERATED BY PRODUCTS OF COMBUSTION. — 
Another form of air engine, 
which Rankine in his Steam 
Engine terms a furnace gas en- 
gine, was first designed by 
Cayley of England and Barré 
of France, and was redesigned 
and improved and put on the 
market in this country about 
1865 by Wilcox. 

The engines of this class 
operate similar to a steam 
engine, pressure being pro;7~ 
duced by combustion in a 
closed furnace instead of in a 
steam boiler. Fia. 1-12. — Wilcox Hot Air Engine. 

In the operation of this 
engine (see Fig. 1-12) a pump draws air from the atmosphere 
through valve F', compresses it, and forces it into a strong air- 
tight furnace C through pipe 17, where its oxygen combines with 
the fuel; then the hot gas produced by the combustion mixed 
with air is admitted into the working cylinder through pipe B 
and valve J, under pressure produced by the temperature of com- 
bustion, where it drives the piston P through part of its stroke 
at full pressure and through the remainder by expansion, until it 
falls to atmospheric pressure. It is discharged through an ex- 
haust valve not shown and a pipe X. The entering air is heated 
by a regenerator which is warmed by the exhaust gases. In the 
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form shown (U.S. patent May 19, 1865) the furnace is fed with 
coal through a double valve, which is so constructed that it can 
be introduced without permitting the escape of more than a very 
small quantity of the compressed air. In the Wilcox engine, 
patented Sept. 19, 1865, the furnace was fed with petroleum oil 
under pressure. 

Respecting Cayley’s engine, Rankine states: “The cylinder, 
piston, and valves of this engine were found to be so rapidly 
destroyed by the intense heat and the dust from the fuel that no 
attempt was made to bring it into general practical use.” Wil- 
cox’s engine never met with commercial success. 

Most forms of the gas turbine belong to a class, in which. 
pressure is produced by the heat of combustion of the gases be- 
fore entering the turbine, either in a closed combustion chamber 
or in the inlet pipe. As the supply to a turbine is continuous 
no inlet or exhaust valves are required, and hence the trouble 
experienced in the early forms of this engine is greatly reduced. 

15. Structure and Mode of Operation of the Gas En- 
gine.— The mechanism of the ordinary gas engine, using the 
term in its general sense as covering all internal combustion 
engines, is similar in most respects to that of the steam engine, 
which has already been briefly described. It consists of a cylinder 
containing a piston which is moved by the pressure produced by 
the explosion of a charge consisting of a mixture of gas or vapor 
and air-in the cylinder. The motion of the piston is communi- 
cated to a main shaft by a connecting rod similar to that used in 
the steam engine. The valve mechanism of the gas engine serves 
to admit and discharge the charge at the proper interval of time 
and is operated by the mechanism of the engine. In the early 
development of the gas engine a slide valve was used to a con- 
siderable extent, but at the present time the poppet valve is 
commonly used as it has been found to withstand high tempera- 
ture better than the other form. 

In order to start the gas engine some external force must be 
provided to introduce the combustible charge into the working 
cylinder and give it the initial compression. This may be done 
in the first instance by revolving the engine by extraneous power, 
which puts the piston in motion and serves to draw in the neces- 
sary gas and air by suction and to compress the same. After the 
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engine is in operation the inertia of the moving parts keeps it in 
motion and serves to draw in and compress the charge. 

It is quite evident that the amount of work performed will be 
proportional to the mass or weight of the charge. For this, 
reason it is desirable that the charge be under as much com- 
pression as practicable at the time of ignition, and all modern 
internal combustion engines provide means for compressing the 
charge previous to ignition either outside or inside of the work- 
ing cylinder. In nearly every case, in the modern engine, the 
compression is completed in the working cylinder. 

The principal events in the operation of an internal combus- 
tion engine are as follows: 

1. Charging or suction, during which time the charge is 
drawn into the cylinder. 

2. Compression, during which time the charge is compressed. 

3. Ignition, explosion, and expansion, during which time heat 
is supplied which causes the combustion or explosion followed by ~ 
the expansion due to increase of volume caused by motion of the 
piston. Ignition may take place under conditions of (1) constant 
volume, (2) constant pressure, or (3) constant temperature. 

4, Exhaust, during which time the products of combustion 
leave the cylinder. 

16. Classification of Internal Combustion Engines. — Gas 
engines are scientifically classified in accordance with the mode 
of applying heat during ignition as follows: 

1. Engines receiving heat with charge at constant volume; 
these will be called in this work Explosion Engines. 

2. Engines receiving heat with charge at constant pressure; 
these will be called in this work Pressure E’'ngines. 

3. Engines receiving heat with charge at constant tempera- 
ture; these will be called in this work Constant Temperature 
Engines. 

In the first of the above classes of engines the charge may be 
ignited with or without previous compression; consequently this 
class may be subdivided into non-compression and compression 
engines, the non-compression engine has entirely gone out of 
use because of its low efficiency and small capacity for a given 
size. Engines of any class may be either two or four stroke cycle 
engines as explained. 
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This classification is based on the characteristic equation ex- 
pressing the relation between pressure, volume, and temperature 
of a given weight of a perfect gas, which, as will be shown later, is 

pv 
7 R 
in which p = absolute pressure. 
v the volume. 
T = absolute temperature. 
R = a constant for any given gas. 
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It is evident that the heat may be received while any of the 
variables, pressure, volume, and temperature, remains constant, 
that is, at constant volume as in Class 1, constant pressure as in 
Class 2, or constant temperature as in Class 3. 

Internal combustion engines are often unscientifically classi- 
fied by the nature of the working fluid as gas engines, petrol 
engines, and oil engines. This classification gives no considera- 
tion to the fact that any of the above classes will operate with 
any of the fuels named. The term gas engine is frequently used 
in this work in its general sense, as applying to any form of in- 
ternal combustion engine. 

Encines IegniTiING aT ConsTANT VOLUME, OR EXPLOSION 
Enaines. — In these engines, which are the ones commonly used, 
the various operations are performed in the order mentioned 
above in each working cycle of the engine. These engines may 
be divided into two classes accordingly as they perform these 
operations, in each end of the cylinder, (a) in four strokes or (0b) 
in two strokes. 

In this class of engines the combustion is practically in- 
stantaneous and of the nature of an explosion, taking place under 
normal conditions while the volume of gas remains constant, 
thus producing an extremely rapid rise of pressure. 

(a) Four-Stroke Cycle Engine. —The internal combustion 
engine most commonly used ignites the charge while its volume 
remains stationary, and requires four strokes for one cycle of 
operation. For this reason it is known as the four-stroke cycle or 
jour-cycle engine. This engine as ordinarily built is a single- 
acting engine with all the operations performed on one side of 


INTRODUCTION, DEFINITIONS, ETC. 29 


the working piston. A diagram showing its general construction 
and mode of operation for each stroke is shown in Fig. 1-13. In 
the operation of this en- * 
gine the charge is drawn 
in during the first out 
stroke of the piston, is 
compressed during the 
return stroke, is ignited 
with the piston station- 
ary at the end of the 
stroke and with the vol- 
ume of the charge con- 
stant. It expands during 
the next out stroke and 
is exhausted and expelled 
from the cylinder during 
the next in stroke. 

An engine of this 
kind was first described 
by Beau de Rochas in 
1861, it was first built 
by Otto in 1876. The 
cycle on which it oper- 
ates is for this reason 
often called the Beau de 
Rochas or Otto cycle. 

(b) Two-stroke Cycle Engine. — An internal combustion en- 
gine, igniting as before, which is used for many purposes, is de- 
signed to perform the four operations above referred to in two 
strokes and is known as a two-stroke cycle engine or a two-cycle 
engine. A common form of such engine is shown in Fig. 1-14, 
in which form the engine is in part a double-acting engine and 
both sides of the piston constitute closed chambers. The crank 
case is made tight by the use of stuffing-boxes on the main shaft, 
and the suction operation is performed by the inward stroke of 
the piston which draws the charge into the crank case through 
the inlet 7, where it is partially compressed by the out or return 
stroke of the piston and transferred through port a, which is un- 
covered at the proper time by the piston, to the ignition side of 
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¢ Fig. 1-13. — Diagram of Four-cycle 
Engine. 
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the piston. At the same time the charge of previously burned 
eases is escaping through the port E. The compression is 
completed in the working cylinder C, after the piston has 
‘closed the transfer port A. Ignition 
occurs at the beginning of the out 
stroke and when the piston and vol- 
ume in the working cylinder are sta- 
tionary as in the preceding case. In 
the action of this engine suction 
takes place below the piston at the 
same time that compression takes 
place above, and compression takes 
place below the piston at the time of 
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N expansion above, as shown by the 

N diagram of the crank circle in the 
& figure. In certain large engines which 
As are now made to operate on the two- 
NEF stroke cycle system the suction and 
Ri preliminary compression of the 


charge, which is performed in the 
. engine just described by the woérk- 
ing piston, is performed in a 
separate cylinder, the compression 
being completed in the working 
cylinder. 

The method of igniting the charge in common use will be 
described at length later in the book. In the class of engines re- 
ferred to it consists of means for firing the charge instantaneously 
when under compression, and with its volume constant by an 
electric spark, a hot tube, or an open flame. 

Enaines IGnrTING THE CHARGE AT CONSTANT PRESSURE. — 
The only engine of this class of practical importance is the 
Brayton, although under many conditions the Diesel engine 
ignites under constant pressure. The Brayton engine was at 
one time used extensively in America but is not now manutac- 
tured. In this engine the combustible and air for supporting 
combustion were supplied to the working cylinder under pressure 
which remained constant until the inlet valve closed; the com- 
bustion taking place during the admission of the air and com- 


Fig. 1-14. —Two-cycle Engine. 
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bustible. The work is performed by pressure acting during 
increase of volume in much the same manner as in the steam 
engine. In the Brayton engine, one form of which is shown 
in Fig. 1-15, the compression is performed in a compressor 
distinct from the working cylinder, and the heat is supplied 
at constant pressure. In the figure B isthe working piston 
arranged to move in the cylinder A. The lower part of 
the cylinder A is the working cylinder, the upper part the air 
compressor which is arranged to deliver air into the reservoir C. 
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Fig. 1-15. — The Brayton Engine. 


Oil is injected by the pump G into a vaporizing device (shown on 
a larger scale in 3 of Fig. 1-15) when it comes in contact with 
compressed air from the reservoir C. The inlet valve b and ex- 
haust valve c are operated by suitable cams on the cam shaft HL. 

Enaines Ia@niTING THE CHARGE AT CoNsSTANT TEMPERA- 
tuRE. — Another class of engine, patented by Diesel, is ar- 
ranged to supply the fuel during a portion of the working stroke 
at such a rate as to maintain the temperature constant, the 
working cylinder having previously been filled with air during 
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a suction stroke and compressed during a return stroke. In the 
Diesel engine the compression is sufficient to raise the air to a 
temperature high enough to ignite the fuel as it enters the 
working cylinder. 

The Brayton engine as above described is a two- stroke cycle 
engine and the Diesel a four-stroke cycle engine, but both engines 
could be constructed to operate with either cycle. 

17. The Engine Indicator.— This is an instrument de- 
signed to draw a diagram with ordinates proportional to the 
pressure which acts inside the cylinder at each point during the 
working and return stroke of the piston. It is briefly described 
here in order to give the student an idea of the method of ob- 
taining the pressure volume diagrams which are frequently re- 
ferred to in the work. 

It consists essentially of (1) a part carrying a sheet of paper 
which is moved by proper mechanism in corresponding directions 
and proportional to the piston of the en- 
gine, and of (2) a part which carries a pen- 
cil which is moved a distance proportional 
to the pressure per square inch acting upon 
the piston. 

The engine indicator was first designed 
by James Watt, substantially as shown in 
Fig. 1-16. This indicator was constructed 
with (1) a flat plate, D B, on which paper 
Ia could be mounted which was moved in 
proportion to the motion of the engine 
piston, and (2) a cylinder A A which could 
be put in communication with the working 
cylinder of the engine by a three-way cock 
H and pipe B. In the cylinder A A was a 
piston whose motion was resisted by a 
spiral spring arranged to carry on its piston 
rod a pencil so constructed as to draw a 
diagram on the moving plate with ordinates 
proportional to the pressure. 

The cock H can be turned so as to put 
the cylinder A A in communication with the air for the purpose 
of drawing a line showing the atmospheric pressure, which is called 
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Fie. 1-16. — The Watt 
Engine Indicator. 
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the “atmospheric line.” This simple form of indicator, although 
containing the essential elements of the modern indicator, was crude 


in construction and gave fesults 
which were far from accurate. 

The modern indicator is an in- 
strument of precision, and differs 
principally from that designed by 
Watt by the substitution of a (1) 
oscillating drum, called the paper 
drum, for the flat reciprocating 
plate, for carrying the paper, 
(2) of movable indicator springs in 
place of a fixed one, making it 
possible to regulate the length of 
the ordinates, and (3) a multiply- 
ing pencil motion in place of the 
direct one, whereby the motion of 
the pencil on the indicator drum is 
made greater than that of the indi- 
cator piston. 














Fie. 1-17. — The Thompson 
Indicator. 








Fig. 1-18. — The Thompson Indicator. 


A sectional and perspective view of the Thompson indicator, 
made by the American Steam Gauge & Valve Company, is 
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shown in Figs. 1-17 and 1-18. A perspective view of the 
Crosby indicator, which differs from the Thompson principally 
in the construction of the indi- 
cator spring and pencil motion, 
is shown in Fig. 1-19. For gas 
engine work the indicator spring 
is liable to be injured by heat. To 
lessen these difficulties most of the 
makers supply indicators with ex- 
ternal springs, as shown in the 
attached view of the Tabor indi- 
cator, Fig. 1-20. 

The authors have found from 
an extensive experience in indicat- 
ing gas engines that the indicator 
spring when arranged as in Fig. 
1-17 can be kept from injury by surrounding the working 
cylinder with a water jacket or cup filled with water. 
The indicator cylinder is connec- 
ted to the working cylinder by a 
pipe containing an indicator cock, 
which is arranged as in the Watt 
indicator to connect either with 
the air or the engine. The indi- 
cator drum is usually connected to 
some form of reducing motion by 
the indicator cord, which will move 
the surface of the drum proportional 
to the motion of the piston and not 
to exceed two or three inches, re- 
gardless of the stroke of the piston. 
Several forms of reducing motions 
with schemes for connecting will 
be shown in the chapter on the 
testing of gas engines, but will 
not be further referred to here. 

The class of engine indicator as described above is not adapted | 
to take diagrams at extremely high speeds because of the inertia 
of the moving parts and because of the error due to stretching 





Fic. 1-19. — The Crosby 
Indicator. 





Fie. 1-20.—The Tabor Indi- 
cator with External Spring. 
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of cords or flexible parts which connect the paper drum to the 
moving parts of the engine. For high speeds the optical indica- ° 
tor is preferable. . 

The optical indicator has been designed so that the only mov- 
ing part is a small mirror which is arranged so as to project a ray 
of light on a ground glass screen or on a photographic plate. 






Fie. 1-21. —Perspective View of Manograph. 


The mirror is moved in one direction an amount proportional to 
the pressure acting on the piston of the engine, and in a direction 
at right angles an amount in proportion to the motion of the 
piston, so that the joint movement is proportional to the pressure 
volume diagram, the area of which represents the mechanical 
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Fig. 1-22.— Horizontal Section of Manograph. 


work performed by the working fluid in the engine cylinder. 
Such indicators are affected only to a slight degree by the rotative 
speed of the engine. 

There are two instruments of this class on the market, one the 
Manograph, manufactured by J. Charpentier, Rue de Lambre, 
20, Paris, the other the Optische Indicator, constructed by the 
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Elsaessische Electricitaets-Werke, Strassburg. A perspective 
view of the Manograph mounted on a tripod is shown in Fig. 1-21, 
a vertical section of same in Fig. 1-22; a detailed view of the mirror 
and engine connections are shown in Figs. 1-23 and 1-24. 



















Fic. 1-23. — Section of Manograph 
Mirror. 


The general construction is that of a photographic camera 
connected to the engine by tube 7’, and by flexible shaft R con- 





Fie. 1-24. — Manograph Engine 
Connection. 


nected to the main shaft of the engine. An acetylene or electric 
lamp is located at G and its ray of light is projected through a 
perforated diaphragm to a prism, H, and thence to mirror N, 
at the back of the camera. The mirror N, supported on springs, 
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Fig. 1-28, is connected by a pin with the diaphragm M, which is 
in communication with the engine cylinder, so as to be tilted in 
one direction an amount proportional to the change of pressure 
in the engine cylinder. The mirror N is also tilted in a direction 
at right angles to the first motion by means of a crank with lever 
connection which is rotated from the shaft in proportion to the 
motion of the engine. The motion of the small crank can be set 





Fig. 1-25 — Diagram with Manograph. 


in phase with that of the engine crank by the thumb screw F' so 
that it will give a motion directly proportional to the piston of 
the engine. To make the errors as small as possible the angular 
motion of the mirror is made very small. The pressure scale of 
the manograph should be determined by carefully comparing the 
photographic diagram with a known pressure. The instrument 





Fie. 1-26. — Optical Indicator. 


is arranged to give a diagram which would have exactly correct 
proportions when the connecting rod has a length 4.5 times that 
of the crank, which is nearly the average proportions in actual 
practice and would make the resulting error small for other 
conditions. 

Figure 1-25 represents a diagram taken with the Manograph 
from an engine making 1500 turns per minute and giving a maxi- 
mum pressure corresponding to 158 pounds per square inch. 
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The Optische Indicator differs from the Manograph princi- 
pally in details of construction. Its general appearance is shown 
in Fig. 1-26. A diagram taken from a motor operated with 
gasoline making 1000 turns per minute is shown in Fig. 1-27, 
the pressure scale of which isabout 120 pounds per square 
inch, 


Fic. 1-27. — Diagram with 
Optical Indicator. 


18. Indicated and Brake or Delivered Horse-Power. — 
The indicated horse-power which is generally denoted by the 
symbol I. H.P. is proportional to the area of the diagram obtained 
by use of the engine indicator, since this diagram has ordi- 
nates which are proportional to the pressures acting upon 
the engine piston at each point during the working and return 
strokes, and abscissa proportional to the corresponding space 
moved through by the engine piston. 

The indicated horse-power (I. H. P.) is computed by use of 
the formula 





lo pees 
33000 
in which p = the mean effective pressure (m.e. p.) for the 


cycle of operation, acting on each square 
inch of the piston. 
1 = length of stroke in feet. 
a = net area of piston in square inches. 
n = number of cycles per minute. 
33,000 = number of foot-pounds per minute in one - 
horse-power. 
The mean effective pressure (m.e. p.) is the mean ordinate 
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for all the strokes constituting the cycle multiplied by the 
proper pressure scale; it is best obtained by finding the net area 
by use of a planimeter (an instrument which will be described 
later), which is to be divided by the length of the diagram and 
multiplied by the scale of the indicator spring. The other 
quantities in the formule depend upon the dimensions and speed 
of the engine. 

The brake or dynametric horse-power, for which the symbol 
in this work will be D. H.P., is that delivered from the main 
shaft of the engine and is consequently less than the indicated 
horse-power by an amount equal to the engine friction and 
internal losses. ‘ 

The brake horse-power is usually measured by use of a spe- 
cial form of absorption dynamometer known as the Prony brake. 
Various forms of this brake have been employed, of which 





Fic. 1-28.— A Prony Brake. 


two only are considered in this place. One form is shown in the 
diagram Fig. 1-28, which consists of a series of blocks connected 
by a leather strap or strip of iron and arranged so as to rub on 
the surface of a wheel attached to the main shaft. The brake is 
provided with two arms, the free end of which rests on a pair of 
scales. The amount of friction may be varied by use of a hand 
wheel or similar device as shown at S. The horizontal distance 
from the center of the wheel to the end of the arms is known as 
the arm of the brake and is denoted in the formule which fol- 
low by a. In the use of the brake the load is applied by turning 
the screw and is measured by the reading on the weighing scale. 
In a brake with the arm on one side only, as shown in the figure, 
the amount required to balance the overhanging brake arm 
must be deducted from the reading of the scales to give the net 


load. 
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The horse-power is calculated from the formula 


27ranWw 
HS P. 2 
4 33000 
in which n = number of revolutions per minute. 
a = the brake arm in feet. 


W. = the net load on scales corrected for unbalanced 
effect of brake. 


Another form of brake is shown in diagram, Fig. 1-29, which 
is convenient for testing small engines. It 
consists of a rope or strap which makes 
one or more turns around the wheel, the 
tension or pull on both ends of which must 
be known or measured. In the form shown 
a weight of known amount, w, is applied 
at one end, and a spring balance is em- 
ployed to measure the resistance at the 
other end. 

The formula for this brake is as fol- 
lows: 





Fie. 1-29.—The Rope 


2rrn (W—w) 
Brake. See ee ae Oe Ba 
rake Diehtie 33000 
in which r = radius of the wheel in feet to center of strap. 


| 


W = the principal scale reading. 
w the lesser scale reading or weight carried. 


I 


In a modification of this brake the principal tension is received 
by a framework resting on a pair of scales, and the smaller resist- 
ance is absorbed by an upward pull on the platform of the same 
scales. With this arrangement the scale reading gives directly 
the difference of weights W —w. 

In the use of the Prony brake heat is generated equivalent to 
the mechanical work absorbed. If the load is heavy it will be 
necessary to circulate water or some other heat-removing fluid 
inside of the rim of the revolving wheel or in some equivalent 
place. 

19. Forms of Indicator Diagrams. — A few of the typical 
forms of indicator diagrams are considered in this place for the 
purpose of making the student familiar with the subject. They 
will be discussed at length later in the work. 
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Figure 1-80 is a hypothetical diagram of a four-cycle explosion 
engine with the events which take place on the various strokes 
marked. Thus the suction stroke is represented by d e, the com- 
pression by e f, the explosion by 7 a, the expansion by a b, 
the exhaust by bcd. The atmospheric line not clearly shown in 
the diagram would occupy a position intermediate between c d 


a 





HYPOTHETICAL DIAGRAM, 
. » 
showing Cycle. 


Fig. 1-30. — Four-cycle Engine. 


and ed. The lines c d and ed on the indicator usually coincide 
with the atmospheric line for the reason that the spring used is 
too stiff to show such small variations in pressure as exist between 
the atmospheric line and the exhaust and suction lines. 

Figure 1-31 shows diagrams of a two-cycle explosion engine 
in which the upper diagram, abc/, is taken in the working cyl- 





1at 
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Fic. 1-31. — Two-cycle Engine Diagram. 


inder, and the lower diagram, ¢’ j’, in the compressor. In this 
diagram the net work is the difference between that shown on 
the first diagram and that on the second. 

Figures 1-32 and 1-33 are diagrams from a Brayton or constant 
pressure engine, Fig. 1-82 being taken from the working cylinder 
and Fig. 1-33 from the compression cylinder. It will be noted 
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from Fig. 1-32 that the pressure remains constant from a to a’, 
at which time communication is cut off from the compressor, 
after which the fluid expands from a’ toc in much the same 





Fra. 1-32. — Diagram from Brayton Working Cylinder. 


manner as in the steam engine. The net work is proportional 
to the difference of the areas of the two diagrams. 


af 


LBS. 
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Fig. 1-33. — Diagram from Brayton Compressor. 


Figure 1-34 is a diagram from a Diesel engine in which the 
temperature is supposed to be constant during that portion of 
the stroke represented by a b, during which time fuel is being sup- 
plied to the working cylinder. 


I 
Fra. 1-34. — Diesel Engine Diagram. 


Figure 1-35 is a diagram from a steam engine, the expansion 
line of which as referred to an hyperbola, ¢ ef g h, which is asymp- 
totic to the line of no pressure, C D, and of no volume, C B. 
Points in the hyperbola are obtained if the initial point, c, is 
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known, by drawing a vertical from c; then from C' draw diagonals 
crossing cb and A B. The intersection of a horizontal line from 
the intersection of the diagonal and cb, with a vertical line from 


B eee oe EK ¥F G H A 





Fic. 1-35. — Method of Drawing Hyperbola. 


the intersection of the same diagonal and the line A B, give points 
in the hyperbola. 
Another method of drawing an hyperbola is shown in Fig. 1-36, 





f1g. 1-36. — Method of Drawing an Hyperbola. 


which represents an indicator diagram referred to lines of no 
volume and no pressure. This method is founded on the prin- 
ciple that the intercepts made by a straight line intersecting an 
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hyperbola and its asymptotes are equal. Beginning at any 
point as a, draw the straight line, a’ b’, and lay off from the line 
CD, b’b equal to a’ a, then will b be a point in the hyper- 
bola. Draw a similar line through 6 as c’ d’ and find another 
point asc. Repeat the method until all the points required for 
drawing the curve are found. 

The hyperbola is a useful line of reference in connection with 
indicator diagrams. As will be shown later, it represents the 
condition of isothermal expansion in the gas engine. 


CHAPTER II 
THERMODYNAMICS OF THE GAS ENGINE 


1. Notation. —In order to comprehend the limitations of 
the actual engine it is nécessary to understand how the working 
fluid behaves when subject to definite changes in an engine un- 
affected by friction or mechanical limitations, and we will for 
that reason give attention to the theoretical considerations relat- 
ting to the “internal combustion engine” which forms part of 


the science of Thermodynamics. 
In the consideration of the theoretical action of a perfect 


engine the following symbols will be used: 


A =the reciprocal of the mechanical equivalent of heat. 

a =the absolute temperature of the freezing-point = 273 C. or 492 F. 
Cp = the specific heat of constant pressure in heat units. 

= the specific heat of constant volume in heat units. 

J = mechanical equivalent of heat = 778 in foot-pounds = 426 K. G. M. 
Ky, = specific heat of constant pressure in mechanical units. 

Ky, = the mechanical heat at constant volume in mechanical units. 

p = absolute pressure for condition denoted by postscript. 

Po = absolute pressure at freezing-point. 

Q = the total heat of a given mass. 

R =aconstant for a given gas. 

T =absolute temperature. 

t = temperature Fahrenheit or Centigrade as marked. 

» = volume of a given mass of gas, its condition being denoted by postscipt. 
Y = the volume of a given mass of gas at freezing-point. 

W =the mechanical work performed in mechanical units. 

W’ = the mechanical work in heat units. 


a =the coefficient of expansion of a perfect gas = the reciprocal of a. 
y = specific heat of constant pressure divided by the specific heat of constant 
volume. 


2. Characteristics of Perfect Gases.—In an_ internal 
combustion engine the work is produced by the change of volume 
and pressure of a gaseous mixture composed of atmospheric air 
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and the various products of combustion. This gas mixture, 
within the working limits of temperature, is obedient to the 
laws of the perfect gases, and for that reason in any theory of the 
internal combustion engine we are principally concerned with 
such laws and with the changes of volume and pressure in a per- 
fect gas, in relation to its change of temperature. 

By combining Boyle’s law with Gay-Lussac’s law it is learned 
that the product of pressure and volume of a given mass of a 
perfect gas varies directly as its absolute temperature, that is: 


PV = Poo Cae t) (1) 


in which p equals the absolute pressure and v the volume of a 
given mass of gas at a temperature, t, above the freezing-point, 
p, and v, represent the pressure and volume of the same mass 
at the freezing-point, and a represents the coefficient of expan- 
sion of the gas per degree of absolute temperature. As has 
already been shown a will equal when expressed in the Centi- 
grade system the reciprocal of 273 and when expressed in the 
Fahrenheit system the reciprocal of 492. If we denote the 
number of degrees between the freezing-point and absolute zero 
by a, then from the preceding explanation a will equal the re- 
ciprocal of a. If we denote the absolute temperature by T we 


shall have 
T=a-+t. (2) 


substituting —for a in equation (1) we have 
po =P (a += Pep (3) 


F 2 Poro - 
in the above equation —°is a constant for each gas. 
a 


U, 


Leb Hite. (4) 
a 


t 
hen we have DURE (5) 


The above equation may be considered the characteristic 
equation of a perfect gas, since it shows the relations between the 
pressure, volume and absolute temperature. 

R is a constant which depends on the nature of the gas and 
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can be computed if the specific pressure, p, and specific volume, 
v, at standard pressures and temperatures are known. 

It follows from the above that, pv, = RT,, from which by 
comparing with (5) 


MUD, Tye (5a) 


The specific pressure p, is the weight of the atmosphere at the 
freezing-point under normal conditions; it is equivalent to that of 
a column of mercury 760 mm. high (29.921 inches). This re- 
duced to pressure per unit of area is 


py) = 10333 kilograms per square meter; 


or in English units, 
; Pp, = 2146.32 pounds per square foot. 
= 14.696 pounds per square inch. 
= 29.921 inches of mercury. 


The specific volume is determined from the density of the 
gas. The following table gives the specific volume in Metric and 
English measures for some of the more common gases: 








VALUE OF 1) AT Lat. 45° 





Cubic meters per | Cubic feet 





Kilogram | per Pound 
PA A Raise ee hes So Sure rs Se eae 0.7735327 12.3909 
Miitrogen (N) occ be ee emai ee es 0.7963291 12.7561 
Oxygen Orn cir rrsts a nc! Zarate anne idee 0 .6996231 11.2070 
Piydrodew (By tee he Re ees ae 1.116705 178.881 
Carbonic Acid (CO,) .....---- sees ere e eee 0.5058741 8.10324 








By substituting the values of 79%, and a in the equation k = 
Po the value of R can be found. 
a 


Thus for air, in French units 
R = 10333 X 0.77353 + 273 = 29.20 ; 
in English units 
R = 2116.3 X 12.391 + 492 = 538.22. 
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The following table gives values of & for a few gases: 








VALUES OF R 








English | Metric 
Hydrogen. (El) ccuntr a. ee lene etre 770.3 422.68 
Oxyeent (0) Sea a ae ccueteteye aero 48.74 26.475 
Carbonzdioxiden(©O>)\ eae ee ener 35.41 19.43 
GAN oh coy at thats, calpain: ins Wes ihe powers Rep ee Se ea 29.20 


53.22 


The following table showing the specific heat of the ordinary 
gases is inserted here for convenience: 


TABLE oF Sprciric Hnmats 








SpEeciric Hear 











Si 
Name oF Gas SYMBOL Constant Constant Cy 
Pressure Volume 
Cy fea - 

SACL Cert een ee ee ae ee er 0.2375 | 0.1684 | 1.406 
ORY Genera: gs pee ees O 0.2175 | 0.1552 | 1.403 
INIELOMCM eet epee hee eos N 0.2438 | 0.1727 | 1.416 
Elydroventeaas ee ree sf 3.4090 | 2.4110 | 1.414 
INutricyoxiceweaee san tae ec eae NO 0.2317 | 0.1652 | 1.402 
Carbonicioxidear ae eee CO 0.2450 | 0.1736 | 1.413 
Carbonidioxide 4.5 .2s0 02-00. CO, 0.2169 | 0.1720 | 1.261 
DUCA Aryans cnt gan ncemer ayaa ok H,O (saturated) | 0.4805 | 0.3700 | 1.298 
Disulphide carbon ........... Cs, 0.1569 | 0.1310 | 1.198 
Olefiambicash. semen ene ioe CoH 0.4040 | 0.3590 | 1.125 
PATO TIVO UA ee et er eee ee NH, 0.5084 | 0.3910 | 1.300 
Alcohol sasedky cert anee CH,0, 0.4534 | 0.4100 | 1.150 














As before noted, the specific heat of gases increases with the 
temperature and possibly also with the pressure, which law will 
be referred to in discussing the application to special cases. The 
expanding products of combustion in a gas engine are composed 
of N-CO, H,O and possibly a trace of NO, for this reason, the 
value of C,,/C, = 7 is often taken for a gas engine as 1.37. 

3. General Relations of Heat Transmission to Changes of 
Volume and Pressure.— When a quantity of heat dQ is 
supplied to a mass of gas it produces a complex result; the heat 
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warms the gas and raises its temperature, at the same time per- 
forming internal work by overcoming the molecular forces; it 
then develops external work, which is made apparent by the 
expansion of the gas against an external resistance. Denoting 
by dU the quantity of heat employed in warming the gas and in 
molecular work we will have 


dQ=dU + Apdv, 


in which pdv is the external work expressed in mechanical units 
and Apdv its equivalent in heat units. 

In the operation of a gas engine the mass of gas constituting 
the working substance expands during each cycle from one 
volume to another, passing through a series of successive changes 
of volume and pressure, and finally returns to its initial state. 
It is evident that when the mass returns to its initial state that 


the quantity represented by bh dU is equal to zero. For this condi- 
tion we shall have AOS Aide. 


Calling U the internal heat of the gas, which has already been 
shown to be a function of the volume pressure and temperature, 


oe GF aera 


Since ¢ can be determined from the values of p and v as indicated 
in equation 5, we can consider that in practice U is a function 
only of v and p and may writé 


Ui i (v. p.). 
The increase of internal heat for a variation of volume dv 


and of pressure d p may be expressed as a total differential of the 


function, f, and we have 


dU dU 
qw =p, w + ap (6) 


By substituting the above value in the expression d Q the thermal 
state of the gas may be represented as follows: 


dU 


dU 
P a= a Ea dp + Apdv 
or 
dU dU 
dQ = dp dp + Cz “++ Ap ) do (7) 
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It may be noted that the above equation cannot be integrated 
in its present form unless Q can be expressed as a function of the 
initial and final volumes and pressures of the gas. This demon- 
strates that the expenditure of heat required to make a gas pass 
from one state to another cannot be deduced from a knowledge 
of the extreme states, if one does not know the order and relation 
of the intermediate states. 

The heat transferred at constant volume is equal to the specific 
heat C,, multiplied by the change of temperature. That is,Q = 
Cai) atom which dQ = C,dt. For a similar reason that 
transferred at constant pressure 


Q = Cpls =P) 
dQ = C,dt. 
For the condition of transfer of heat at constant volume, dv of 
equation (7) will equal 0, and equation (7) will become 
dU 
dQ =—— d 
dp Pp 


Since the heat interchange for this case takes place at constant 
volume, it has been shown that 





dQ = C,dt. 
By placing these two values of dQ equal we have 
at. aw! 
Cy ip asker (8) 


from which the value of % for heat interchanges at constant 
volume can be found. 

For the transfer of heat at constant pressure the temperature 
changes take place without change of pressure, in which case 


dp of equation (7) = 0, and we have by substitution 
dQ = (ce + Ap ) dv 


Since the heat interchange for this case takes place at constant 
pressure, dQ = C,dt, and by substitution 


die aU eae 
ie ee (9) 





CF 
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from which the value of a for heat transformation at constant 


pressure can be obtained. : 
Substituting the values of equations (8) and (9) in equation 
(7) we have at di 
dQ = Cay + Cpa (10) 


which gives the value of the heat interchange for successive 
changes of pressure and volume, which can be reduced as follows: 


From equation (5) pv = RT, 


from which vdp = Rdt when v is constant, 
or pdv = Rdt when p is constant; . 
from which it follows, 
nei dt 2p 
dp R ond due R 
Substituting the above values in equation (10) we have 
dQ = C,pdp + Cypdv) (11) 
It can be shown that 
C, —C, = AR. 


By substituting the above value and those of equation (5) we 


will have T 
dQ) = C,di + (Cy — C,)—, (11a) 


4 : 

4. Transformation to Different States. — The modes of 
transformation from one state to another are various, depending 
on the relations of the volume to the pressure at different points, 
which may vary infinitely. The temperature, ¢, of the gas is 
always determined by the relation of v to p by equation (5). 

For simplicity of treatment and for producing a standard for 
comparison it is assumed that the changes in the relations of 
volume, pressure, and temperature take place with one of the 
variables constant in the general equation (5a), which is 





ve oo 5a) 
P11 T ( 
If the volume remains constant during the transformation v = »,, 
and . 
Dre (12) 


Dae 
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which is the equation for constant-volume conditions. If the 
pressure remain constant, p = Px and 

ak 

aed ad 
which is the equation for constant-pressure conditions. If the 
temperature remain constant, which latter is termed an isothermal 
condition, T = T,. 

Lome (14) 

Pil” 
which is the equation of an isothermal line for a perfect gas in a 
pressure-volume diagram. 

Another standard of comparison is the transformation in 
pressure, volume or temperature which takes place without gain 
or loss of heat. This latter condition is called adiabatic and cor- 
responds to that of constant entropy. It represents the conditions 
of the equation (11) when dQ = 0, in which case 


C,wdp + C,pdv = 0 
vdp + Ota = 0 


Substitute y for 2 then 


vdp + ypdv = 0. 


which integrated between the limits p,?, and pv gives 
Pp es 
loge Di y loge (> 
from which 9,0,” = pv’ = constant (15) 
which is the equation of an adiabatic line for a perfect gas in a 
pressure-volume diagram. 

The equation for adiabatic transformation in terms of v and T 
can be obtained by substituting for p and p, the values as given 
in (5a) and reducing, which will give 

sl = 
ee Rao (16) 
In a similar manner the adiabatic equation in terms of p and T 
can be obtained, which is as follows: 


iy 1y 
ap = Tp, ¥ (17) 
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5. Work Performed in Isothermal Expansion. — The work, 
W, performed when the gas expands isothermally from an 
initial volume, v to a volume », can be calculated as follows: 

The general formula for mechanical work is 


W = ve pdv 
but as pv = p,v, for isothermal expansion 


_ Pit 
Vv 


= vid 
W= re, fy = = Py, log. = (18) 


P 


Since pv = p,v, = RT this may be written 
W = RT log. = = pv loge 


The heat applied during isothermal expansion can be obtained by 
making di = 0 and 7 a constant in (1la) and integrating. We 
will have 


= Cyr f° e =(Cp—C.)T log, = ART log. = (19) 
Uv 1 


This value being the same as that of the external work indicates 
that the heat applied during isothermal expansion is equivalent to 
the external work performed. 

It will be noted from (18) that an infinite increase in isother- 
mal expansion will lead to an infinite amount of work. . Thus 
in the equation ; 
W = pv log. A 


if v, be made equal to infinity the value of W also becomes infinite. 

6. Work Performed in Adiabatic Expansion. — The work 
performed when the gas expands adiabatically from an initial 
volume, v, to a volume, v,, can be found by substituting the value 


of p =?” from formula (15) as follows: 


VY 
v v 
= eH eine [rw Pit, al 1 
cee pdv=, Py ental a at aT 


yy 
Vy 
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ee 
) 


For infinite adiabatic expansion the work, W, does not become 


(20) 


Therefore W = a Lees et 
va Vo 


7 ; 5 . 0 . . Vv 
infinite as in isothermal expansion, since for this case cy = 0, and 
6 2 


_ Ps 
Ws oe 


7. Relations of Heat to Entropy. — The heat  transfor- 
mations can be expressed as a function of the absolute tempera- 
ture and entropy, which expression possesses some advantages 
for tracing heat interchanges over the pressure-volume equations. 

For this case the variables in the equation become tempera- 
ture, 7, and entropy, ¢, instead of v and p as in the preceding 
cases; in the diagram representing such conditions, horizontal 
lines would represent equal temperatures or isothermal conditions, 
while vertical lines would represent equal entropy or adiabatic 
conditions. The ordinates in such a diagram would then repre- 
sent temperature, 7’, and the abscissa entropy, ¢. 

Since the heat interchange d Q is equal to the product of the 
absolute temperature into the corresponding change of entropy, 
we have 


dQ = Td 
_ dQ 
dp = Fr 
‘d 
o-o= [F 
but for gases dQ = Cydt 
ol ep ateeere ee 
sth ae vagiep -{ 7p = C,log. To (21) 


8..Carnot or Reversible Engine, Second Law of Ther- 
modynamics. — A reversible engine is one that may be run in 
one direction so as to transform heat into work, or in the opposite 
direction so as to transform work into heat. 

No actual heat engine is built in this manner, since such an 
hypothesis requires that all the gases exhausted shall pass: 
through all the states in a reversed direction during compression 
and return to the initial state, which, because of the chemical 
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changes during combustion, is impossible in the internal combus- 
tion engine. The internal combustion engine can be considered 
as approximating the theoretical reversible engine, which thus 
becomes useful as a standard of comparison. 

For the cycle of a reversible engine 


dQ 
ow =0 
rr 


This is the highest attainable result with any heat engine, since it 
indicates that the heat transferred into work from motion in 
one direction would be returned to its source by an equal amount 
of work applied to drive the engine in an opposite direction. 
The above statement is Carnot’s principle, which is often called 
the Second Law of Thermodynamics. It follows from this:* 

(1) All reversible engines working between the same source 
of heat and refrigerator have equal efficiencies. 

(2) The efficiency of a reversible engine is independent of 
the working substance. 

(3) A self-acting machine cannot transfer heat from one body 
to another at a higher temperature. 

It further follows from this that for any irreversible engine 
cycle the work for a given expenditure of heat is less than for a 


reversible engine; that is, 


in which N represents the mechanical results of the work 
performed. 

9. Graphical Relations. — The relations of the heat inter- 
changes to the transformations of pressure, volume, and tempera- 
ture will be more clearly understood by reference to a diagram. 
The pressure-volume diagram, which has for its ordinates lines 
corresponding to pressure and for its abscissse distance corre- 
sponding to volumes, shows the conditions of uniform pressure 
by a horizontal line and of constant volume by a vertical line. 
On this diagram an isothermal line is represented by equation 
(14), pv = p,v, which is the equation of an equilateral hyperbola 
of which the axes are the lines of zero volume and the line of zero 
pressure. Two methods of drawing the hyperbola have been 

*Peabody’s Thermodynamics, page 30. 
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given in Art. 19, Chapter I. In the case of a steam engine it will 
be remembered that an isothermal condition is represented by an 
equal pressure line. 

The equation of an adiabatic line on a pressure-volume dia- 
gram, as given in (15) is log, re y log, |, "1 The values of the coor- 
dinates for drawing this curve can be ea by assuming values 


of < and finding the corresponding values, by use of a table of 





A table giving the values of y for 


Naperian logarithms, of - 


different gases has been given. It is usually assumed as 1.37 
for gas engines and is subject to some correction for changes due 
to rise of temperature. The general relations of isothermal and 
adiabatic lines to pressure, volume and temperature is shown on 
the diagram Fig. 2-1. 





300; Se 
90| - a tt L- Ls 
80) i Pa 
70 
60) a b2| 
50 |__| L 
40 || | 
30 
20) 
10 
200 
90 
80 
70 
60 el 
50 
40 
30) 
20 -\- 
10/4 | 
100 “6 
go t s! 
80 & 
70 
60 
50 
40 
30\ 


20). = 
10= a a 


quit 
10 20 380) 640 «660 60 70 80 690 100 10 20 30 40 50 60 70 80 90 200, 
1 cubic foot. 2 cubic feet. 







































































Absoluté pressure in Ibs,per -square inch. 


6 
a 






























































































































































Fig. 2-1..—Relations of Isothermal and Adiabatic Curves. 


Figure 2-1 shows isothermal and adiabatic expansion and com- 
pression lines drawn from the same points. This diagram shows 
that for a given number of expansions the adiabatic line falls 
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below the isothermal line, and also that the area between the 
adiabatic line and the base line is less than that between the 
isothermal and the base line’ As this area represents the exter- 
nal work performed, it indicates that for a given number of ex- 
pansions the work is greater in isothermal than in adiabatic 
expansion, which also follows from the demonstrations which 
have been given. 





Fig. 2-2.— Isothermal and Adiabatic Changes Compared. 


The various fundamental changes which may take place in a 
perfect heat engine are represented by the diagram, Fig. 2-2, in 
which O V is the base line from which pressures are measured and 
O P the zero volume line from-which volumes are measured. In 
the diagram G A is a vertical line and represents the condition of 
receiving heat at constant volume; A B, a horizontal line, repre- 
sents the condition of receiving heat at constant pressure; BC, 
a plain hyperbola, represents isothermal expansion, and BD, a 
logarithmic curve, represents adiabatic expansion; D E, a vertical 
line, represents the discharge of heat at constant volume; FE F, 
a horizontal line, represents the discharge of heat at constant 
pressure; F’G,alogarithmic curve, represents adiabatic compression, 
and F H,a plain hyperbola, represents isothermal compression. 
The area of the diagram, A B DE FG, represents the external 
work done with adiabatic expansion and compression, and A BC 
EF HA represents the work done with isothermal expansion 
and compression. 

During the period of receiving heat at constant volume, 
represented by AG, the absolute temperature may be computed 
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at A, from (12), provided it is known at G, since it is proportional 
to the pressures at those points. 

During the period of receiving heat at constant pressure, 
represented by AB, the absolute temperature increases in pro- 
portion to the volume, as shown in equation (13), and if known 
at one point may be computed at any other. As the volume is 
proportional to the distance from the line O P, the temperature 
on the line A B will be proportional to that distance. 

If the expansion is isothermal the temperature would remain 
constant from B to C. If the expansion is adiabatic, as from B 
to D, the temperature could be calculated from either equation 
(16) or (17) for various points of the curve. 

The actual pressure-volumediagram as taken with the indicator 
shows lines which only approximate those for constant pressure, 
constant temperature, or constant volume as shown in Fig. 2-2. The 
corners of actual diagrams are likely to be rounded to a considerable 
extent and many of the transformations indicated may not appear. 





0 0.0 Of O02 0.3 O04 cu.ft. 
ee ee See ees 


Fig. 2-3. — Four-cycle Engine Diagram. 
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Figure 2-3 represents a diagram of a 4-cycle engine in which 
the ordinates have been enlarged relatively with respect to the 
abscissee and on which there have been drawn a line of no volume, 
often called the clearance line, and a line of zero pressure. The 
scale of ordinates is attached to the diagram. If we assume 
that the line a f is a vertical line and that the temperature at 
the lower end of that line is 567 degrees absolute, then we find 
by computation, as explained above, that for the point a it is 
1995 degrees absolute. As absolute temperature F is 460 degrees 
higher than that shown on a thermometer, the temperature F 
at these two points would correspond to 107 degrees and 1535 
degrees. 

The heat transformations may also be represented by the 
entropy temperature diagram, in which case the ordinates be- 
come temperature and entropy instead of pressure and volume. 

P 





oO Vv 
Fic. 2-4. — Pressure Volume Diagram of Isothermal and 
Adiabatic Changes. 


A simple illustration is shown in Figs. 2-4 and 2-5. In Fig. 2-4 
is shown a pressure-volume diagram of a working material which 
expands isothermally from A to B, then adiabatically from B to 
C. It is then compressed isothermally from C to D and adiabati- 
cally from D to A, when it reaches the initial condition. The me- 
chanical work performed during these operations is proportional 
to the area of the diagram ABCD. This diagram may be 
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transformed into a temperature entropy diagram very easily, 
since for that case the isothermal lines A B and BC, would be 
horizontal and parallel to the line of zero temperature, and the 
adiabatic lines A D and DC would be vertical and parallel to the 
line from which entropy is reckoned. Fig. 2-5 shows the tempera- 





Oo 


ture-entropy diagram con- 
structed as described. The 
area of this diagram shows 
the heat available for trans- 
formation into work. For 
the case considered this is 
a ‘rectangle and its area 
represents the maximum 
amount of heat available 
for work within the tem- 
perature limits AB and 
Dee 

The case considered is 
that of the perfect rever- 
sible engine which operates 


® in a Carnot cycle, as al- 


hic. 2-5. — Entropy-lemperature Diagram. ready described. It appears 
from the diagram, Fig. 2-5, as well as from the demonstration, that 
an engine working on this principle can transform the maximum 


amount of heat into work. 

An engine working on any other 
principle, as for instance that shown in 
the Fig.2-2.A BDE FG A, will trans- 
form a less amount of heat into work. 
For this case there is both adiabatic 
expansion BD and adiabatic com- 
pression Ff G. The entropy-tempera- 
ture diagram for this case is repre- 
sented, but not to scale, in Fig.2-6 by the 
diagram A BD E FG, which by in- 
spection is smaller and shows less heat 
available for work than the diagram 





Fic. 2-6. 


mB n F, which is drawn between the same temperature limits. 
For the figure A B C E F H, shown in Fig. 2-2, as a pressure- 
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volume diagram we have isothermal expansion B C and isother- 
mal compression Ff H. The entropy-temperature diagram for 
this case is represented by the . 
diagram, not drawn to scale, in 
Fig. 2-7, A BC E FH, which by in- 
spection is smaller and shows less 
heat available for work than the 
diagram m C nH, which is drawn 
between the same temperature 
limit. The transformation of the 
‘pressure-volume diagram as taken 
on the indicator into  entropy- Fig. 2-7. 
temperature diagram is given at length later in the book. 

10. Comparison of Theoretical and Actual Heat Engines. 
— When avgas after a series of transformations of pressure- 
volume and temperature passes through a series of intermediate 
states and of physical and chemical changes and returns to 
the same condition, in all respects, which it possessed at 
the beginning of the transformations, it is said to operate in a 
closed cycle. 

It is evident that if a change of composition occurs during the 
course of the cycle the body may return to its initial condition so 
far as pressure and volume are concerned without returning to its 
initial condition in other respects; for example, a mixture com- 
posed of hydrogen, carbon monoxide, methane, carbon dioxide 
and nitrogen, with which the cylinder is charged in the initial 
condition before combustion, may be changed during combustion 
to the vapor of water, carbon dioxide, and nitrogen, which change 
would not be shown on the indicator diagram. 

In the actual operation of the internal combustion engine the 
gas or vapor is subjected to periodical changes, as outlined above 
which do not constitute rigorously closed cycles. The operation 
is, however, approximately a closed cycle since the state of the 
working fluid after each series of changes returns to its initial 
state, from which all the operations as to chemical and physical 
changes are reproduced as in the preceding phase. 

The machine in which the changes take place will be a perfect 
heat engine if all of the heat disappearing has been transformed 
into work; it has been demonstrated practically, however, that it 
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is not possible to utilize all of the heat, consequently it is necessary 
to expend in heat a larger quantity than its equivalent in units 
of work. It has already been shown in effect that it is not only 
necessary to have a place of combustion which produces a high 
temperature at the beginning of the period of movement, but it is 
also necessary to have a point of lower temperature which will 
act as a refrigerator and permit the flow of heat from a higher to 
a lower temperature level. The quantity of heat Q supplied by 
the combustion less the amount q taken up by the refrigerator 
leaves a difference Q — q which may be utilized. From this 
statement it would appear that the amount of work possible’ 
would be increased either by increasing Q or by diminishing gq. 
The temperature of the discharge heat g must evidently be con- 
siderably above that of absolute zero because of the difficulty of 
obtaining a refrigerant of low temperature and of disposing of 
the heat which would be discharged under such a condition. 
Generally in practice the temperature of the discharge heat is 
considerably above that of the surrounding air, which is much 
in excess of absolute zero. 

The ratio of Q — q to Q measures the perfection of the heat 
engine. This we will call the cyclic efficiency 


iE. = cyclic efficiency 


It is of great practical interest to know how to determine the . 
value of this coefficient for any case, but we should at first estab- 
lish the maximum value that can be obtained. 

In this connection the cycle of Carnot which is formed of two 
isothermal lines and two adiabatic lines, Figs. 2-4 and 2—5, should 
receive.consideration, since it is the one which gives the maximum 
work returned for the heat expended. 

The Carnot cycle is represented in the pressure-volume dia- 
gram Fig. 2-4, in which a mass of fluid in its initial state p,v,, with 
temperature 7’ as shown at A, expands in volume isothermally to 
B, at which point it has pressure and volume p,v,. From B it 
expands to C without gain or loss of heat, following the adiabatic 
BC. From C to D there is a discharge of heat into a colder body - 
or refrigerator at constant temperature, during which time the 
volume is reduced from v, to v;. From D to A compression takes 
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place without gain or loss of heat, which raises the temperature 
to that of the initial state at A. 

In order to carry out the cycle of operation described, sufficient 
heat must be supplied during the isothermal expansion from A 
to B to keep the temperature constant; this amount by equation 
(19) wil beQ=ART log. In the adiabatic expansion from 

0 
B to C, during which there is neither gain nor loss of heat, the rela- 
tions of the volumes to the temperatures are expressed by equa- 
tion (16) ee a 
Pa, 

During the third period from C to D heat is discharged at con- 
stant temperature and can be expressed as before g = ART log 
2 During the fourth period the quantity of heat remains con- 


3 
stant and we have T (a\v—1 
T™ \v 
The cycle as above described is a ¢losed one, and as the heat re- 
ceived and discharged is of constant temperature it follows that 


Vo 


Q_?f 
qrel- 
The work produced is equal to the area A BC D. The efficiency 
of the cycle is Jr 
GO a a0 


This is equal to the ratio of the fall of temperature to the absolute 
temperature of the initial condition. 

The Carnot cycle may also be represented, as already shown, 
by the temperature-entropy diagram, in which case the diagram 
will be a rectangle, Fig. 2—5. 

It is doubtless true that no better method exists for utilizing 
the heat furnished by combustion than that of supplying it at con- 
stant temperature, permitting the body to expand without gain or 
loss of heat, discharging it to the refrigerator at a constant tem- 
perature, which should be as low as possible, and compressing 
without gain or loss of heat to the original temperature. 

Theoretically it is possible to equal but not to surpass the 
return from the Carnot cycle. The maximum effect that can be 
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obtained from a heat engine working between the temperatures 
T and 7’, and in which Q is the heat expended, is expressed by the 
equation 


In order to judge the theoretical value of a cycle on which any 
heat engine operates it is desirable to calculate at first the coefficient 
of economy of the proposed cycle, then compare this coefficient 
with the Carnot coefficient between the same temperature limits. 

The knowledge which is given by comparing the cycle of the 
engine with the Carnot cycle is not sufficient to determine the 
practical value of the engine, since the effect of friction, shocks 
due to inertia, and the passive resistance of the various mechanical 
parts consume a portion of the work supplied by the transfor- 
mation of heat and do not appear in the useful work delivered by 
the machine. It is quite possible that machines which have a 
high degree of perfection for the transformation of heat will still 
give small return:as practical, useful machines. 

The hot-air engines for example, which have a perfect cycle 
of operation, have proved in practice of little value because of 
the small amount of heat that would pass through a metallic wall 
in a given time, and as a consequence the return in useful work 
is small in proportion to the expense of construction. There are 
few engines of any kind which operate in a cycle approximat- 
ing that of Carnot, among these should be mentioned the Sterling 
air engine, which theoretically operates on the Carnot cycle. 

The cycle of operation of the steam engine is incomplete in 
many respects; it however resembles that of Carnot in that heat 
is received into the engine cylinder, until the valve closes connec- 
tion with the boiler, at practically constant temperature. After 
cut-off the steam is expanded approximately without gain or loss 
of heat. It is then discharged through the condenser at constant 
temperature. The adiabatic compression is sometimes considered 
as being performed by the feed pump which supplies water to the 
boiler. The steam engine cycle is thus seen, when the boiler 
furnace and boiler feed pump are included as a part, to approxi- 
mate that of the Carnot cycle. 

The Diesel motor is the only gas engine which approximates 
in the theory of its operation to the Carnot cycle. 


CHAPTER III 


THEORETICAL COMPARISON OF VARIOUS TYPES OF INTERNAL 
COMBUSTION ENGINES 


1. Throughout the following discussion of the theoretical 
cycles it will be assumed that the specific heats at constant volume 
C’,, and at constant pressure C,, do not vary either with pressure 
or temperature. It has been shown that they vary, but the 
question is unsettled. If the variation is such as determined by 
the experiments of Mallard and Le Chatelier, which are extensively 
quoted, our present-day gas engine does not admit thermally 
of any further improvement. In view of this unsettled con- 
dition it is best to assume the specific heats constant. It 
is further assumed, in this theoretical discussion, that the value 
of y = Ze is the same for the burned gases as for the fresh fuel 

v 
mixture. 

It is further understood that, wherever heat supplied to a cycle 
is mentioned, it refers to the lower heating value of the fuel con- 
cerned, either per pound or ‘/per standard cubic foot, as stated. 

2. The cycle receiving heat at constant volume, Beau de 
Rochas or Otto cycle. 

The principles upon which the present-day constant volume 
combustion engine is based, and which helped it to its commercial 
success, were first clearly enunciated by Beau de Rochas in a 
written pamphlet in 1862. It remained for Otto, however, to 
construct the first practically successful machine operating with 
this cycle, hence the cycle receiving heat at constant volume is 
more often known as the Otto cycle. 

In what follows let 

Q = quantity of heat received by the theoretical cycle, 

q = quantity of heat rejected by the theoretical cycle, 


then. H, = the cycle efficiency 5 J 
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It shows the highest efficiency which an actual engine can 
possibly realize if it follows exactly the lines of the theoretical cycle. 
Practically this can never be realized, but the conditions which 
determine why the actual thermal efficiency of an engine is always 
less than the cyclic efficiency will be treated in detail later on. 

In Fig. 3-1, at the end of the charging stroke, whether that be 
in the two- or in the four-cycle, the charge is under a pressure, 
temperature, and volume.determined by the point 1. Adiabatic 
compression then takes place to 2.. A quantity of heat, Q, is 
next received at constant volume to 3. From 3 to 4 adiabatic 
expansion takes place, and finally the quantity of heat, gq, is re- 
jected along line 4-1 at constant volume. 


3 








NA am ene ae 





Let the total charge weight be G lbs. This consists of G, 
lbs. air, G, lbs. gaseous fuel, and G, lbs. burned gases from the 
previous eee. 


Then 
C= G37) + 
and 
q = GC, (1, — T,) (2) 
Hence the heat utilized by the cycle is 
Q-—¢g=G6C,.7,—T,—-T,4T) (3) 


and the cyclic efficiency 


Q- q_ GC, (T;— T,- — lie) 
eG GC.(f,—T,) (4) 


* (1 4a (1 a ach 


ee 
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Again, in Fig. 3-1, let v, = clearance volume, and v, = stroke 
volume, so that v, = v, + v, = total volume. We may write, 
since compression and expansion are assumed adiabatic, 


PY, = Py, (6) 
and . 
Ps, = Py. (7) 
one Pr Pr 
Dividing (6) by (7), @==2. (8) 
P3 Ps 
T,_?p T,_?p 
Now =" and=/! 
: 7, 2, De, 
poe ee ly 
hence finally TT, or T,~T, (9) 


With the aid of (9), equation (5) may be written 


r,(1 a 7) = (1 e 7) 
E, = 2 T, 


T,;—T, 
ye 
ef ee 
r. (10) 
There are two other ways of stating the cyclic efficiency which 
will be developed next. 
Again we can write 





Dre = Pye" (11) 
also 
Vv Ve 
ae a (12) 


Dividing (11) by (12) 
paps = Tv" 
or 
be a 1 
Dig De ee (13) 





in which r = the compression ratio ae 
Hence 
seco wes 1 
E=1 oa 1 ea 


2 


(14) 
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Finally, raise equation (12) to the y power 


Pr" _ Baie (15) 
T T, 
and divide (11) by (15). We shall have 
eae 
Lie (P) ries 
T, “Po (16) 
from which a 
E,=1—ji=1— ey ; (17) 


From an examination of equations (14) and (17) it will be seen 


that HZ, depends upon r or p,, and y = os 

To make clear the influence of the value of y, assume that in 
two given cases the value of r = 5, but that in the first case a 
rich gas mixture with y= 1.35,in the second case a lean gas mixture 
with y = 1.39 be employed. Then for the two cases we shall have 


1 
= 1- (5) == .4951 
1 
and i = a 
The advantage in favor of the lean gas mixture is therefore 
.466 — .431 
Biya ee 


Besides this the use of lean gas mixtures in practice usually 
shows a smaller jacket water loss, owing to the lower mean tem- 
perature of the entire cycle. 


The value of E, also depends upon the ratio —, according to 


equal (17). Thesmaller this ratio the greater the efficiency. But 
the value of p,, the suction pressure, is almost entirely out of our 
control, so that the problem narrows down to making p,, the com- 
pression pressure, as high as possible. This brings out clearly 
the value of high compression. The practical limits to this state- 
ment will be pointed out later on. 

To show the combined influence upon £, of r or p, and y the 
following table, from Gildner, is given: 
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3. The cycle receiving heat at a constant pressure, the 
Brayton cycle, and the approximate Diesel cycle of to-day. 

The Brayton Cycle. 

‘In the older machines of the Brayton type, suction and com- 
pression of the fuel mixture or of air took place in one cylinder, 





while the combustion, expansion, and exhaust took place in 
another. In Fig. 3-2, area b 1 2 ab represents the pump diagram, 
area a34bathe diagram from the power cylinder. For the 
purpose of theoretical discussion of this cycle, the two diagrams 
may be combined as shown, giving in area 1 2 3 4 the useful work 
developed. 

The compression line, 1-2, and the expansion line, 3-4, are 
again assumed adiabatic. Expansion is carried to. exhaust 
pressure. The’ quantity of heat @ is received along 2-3, the 
amount q is rejected along 4-1, at constant pressure in both 


cases. 
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Let the charge weight be G pounds made up as in the pre- 
vious case. Then 
Q = GC, (T, — T,) B. T. U. 


and 
qd = GC, (ie 4 Pa B. ips UE 
—q GC,(T,—T,—T,+T,) 
Hence B,-2—9_ CoP —T,—- Tt 2) 
. Q GC,(T'; —T,) 
ojos (18) 
Le 2s 


But from the adiabatic law we may write 








PY," = Dilan (19) 
and 
Ps,” = Pgs”. (20) 
Divide (19) by (20). 
(2) =(@)' or (21) 
oP V3 Of ee 
Also, 
i = oe , or since p,= py, rT (22) 
and similarly 
Ys (23) 
T, Ts 
From (22) 
Oren 
% TF, (24) 
From (23) 
v%, TT; 
SS 25 
vy 1, (25) 


Equations (25) and (24) in combination with (21) finally give 


ety rks 
Ti gare t, 2c) 
Substituting (26) in (18), we have 
pei ee (27) 


Tr, Ts 
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But it has already been shown, equation (13), that for adiabatic 
compression 
Tf aye 1 
a 
7 


so that finally the cyclic efficiency for combustion at constant 
pressure is 1 


Se errs (28) 
rt 





which is the same as for combustion at constant volume. 

The Diesel Cycle of to-day. 

The Diesel cycle of to-day approximates the constant-pressure 
form outlined in Fig. 3-3. Compression line 1-2 and expansion 


! 
| 
| 
1 
| 
' 
! 
1 
i 
1 
| 
1 
i 
1 
1 
| 
1 
1 








line 3-4 are assumed adiabatic. Heat is received at constant 
pressure along line 2-3, and rejected at constant volume along 
line 4-1. In the Otto cycle, with the machine at full load, the 
ratio of compression is equal to the ratio of expansion. In the 
. Diesel, the ratio of compression => (see Fig. 3-3), is always greater 
c 
UE 


than the ration of expansion, oh 
€ 


Let the charge weight again be G pounds. Diesel machines, as 
constructed, are oil engines, so that the increase of charge weight 
along line 2-3 is small and may be neglected without serious 
error. That is, we may assume G constant for the cycle. If the 
investigation, however, is carried through for a gas, especially a 
lean gas, this assumption is not permissible. 
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To develop the efficiency formula, we may write 


Q = GC, (T, — 7). SERED) 
q = GC, (T, — 7). (30) 
Now from Fig. 3-3 
Vere ep 
TT, Otek i T,8 (31) 
where, 8 = ratio of cut-off volume to clearance volume. 
Also 
Pa — Ps i = Ps 
rot, from which 7’, ae (32) 


But from the adiabatic law 


Y 
: v 
Pav4? =P3 V,% from which p= Pore 
U4 
and meee 
10 = Pv, from which p, = 2— 
wee 


Hence (32) may be written 





Pads. 
rea, 
Vv v oy . Y (33) 
T,=T, : ;-7 (2) =1,(2+) =I,8° 
P22 3 e 
Y 
Vy 


Substituting (31) and (33) in (29) and (30) respectively, 
Q=GC,T, (8—1). 
q = GC,T, & — 1). 


The cyclic efficiency for the Diesel cycle consequently is 





Q-4 q_4_ GCsT (8' 1) 


B= 321 
Q Q GC'pT (8 — 1) 
Day (5" — 1) 
ce il 





But it has shown, equation (13), that T= at 
2 


x 
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hence finally 








retin 1) 
ao pet 1) (34) 


Equation (34) shows that the expression for the theoretical 
efficiency of the Diesel cycle is the same as that for the Otto and 
Y 


the Brayton, with the exception of the factors . The effi- 


ciency thus depends not only upon r and y, but also upon 4, that 
is, finally, on the volume at cut-off. 

In actual practice the cut-off volume v, is about 10 per cent 
of the stroke at full load. With a compression ratio of r = 13, 
this makes 6 about = 2.5. To show the influence of the factor 
6 upon H., assume y = 1.35. The efficiencies for full load, 8 = 
2.5, an overload, § = 3.0, and some partial load, § = 1.5, will be 
as follows: 

Cyclic Efficiency EF, for the Diesel cycle. 

For8=“£=15 25 3.0 


Cc 


and for r = 13, and y = 1.35, #,= .560 .509  .487. 


It appears from this that, other conditions remaining the 
same, the smaller the value of 8, the greater H. This result is 
actually borne out in practice, within limits, where a large num- 
ber of tests of Diesel engines have often shown a greater thermal 
efficiency at three-quarters than at full load. That this condition 
does not hold for still lower loads is due to other circumstances. 

4. Comparison of Various Cycles. 

The question of the best gas-engine cycle has often been dis- 
cussed. In general, there is no best gas-engine cycle, but that 
cycle should be chosen which will give the best return for the 
practical conditions existing. 

To give some insight into the problem of choosing the cycle 
best adapted to given conditions, we will first obtain some theo- 
retical basis of comparison, and show afterwards how this is 
affected in practice. 

Many methods of comparison have been employed by various 
writers, but the following, due originally to E. Meyer * seems to 
the writer to be the clearest and most comprehensive. 

* Zeitschrift des Vereins deutscher Ingenieure, 1897, p. 1108. 
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Using the Carnot cycle as a basis of comparison, it is clear 
that the amount of heat transferred into mechanical work de- 
pends only upon the total amount of heat and the temperature 
difference in the cycle. But to become available as a basis for 
the comparison of gas-engine cycles, only that Carnot cycle can 
be used for which the heat element 8q,, supplied at a constant 
temperature 7',, and the heat element 8g, rejected at a constant 
temperature 7',, are of infinitesimal amount, so that the two 
adiabatics forming the rest of the cycle are infinitely close to- 
gether. Then every closed cycle may, by a number of adiabatiecs, 
be divided into an infinite number of elementary cycles, Fig. 3-4, 

é 


1 


for each of which we may with very small error assume that the 
heat element 8g, is supplied at a constant temperature 7',, and the 
heat element 5g, is rejected at the constant temperature 7. The 
efficiency of one of these elementary Carnot cycles may be ex- 
pressed for say the nth cycle by 


T s(n) ee Tan) 
T sm) 


From the above equation we at once derive the important 
requirement that for best efficiency each heat element §qg, should 
be supplied to the working fluid at the highest temperature pos- 
sible, and each element 89,, should be rejected at the lowest 
possible temperature, that is, the temperature limits should be 
as wide as possible. 

It should be observed, however, that the above requirement 


Lan = 
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does not mean that the sum total of all the heat elements A 
must be supplied isothermally, or that the sum total of the ele- 
ments 6g, rejected must be taken up isothermally. For in general 
in gas engines the various successive heat elements are not avail- 
able at constant temperature, and in fact in following out the 
requirement above outlined for best efficiency, one would be 
led to constantly change the temperature of supply and of rejec- 
tion to widen the temperature limits as far as possible. It is 
clear, therefore, that only in the ease where all the heat elements 
supplied are available at. constant temperature, and all those 
rejected can be taken up at constant temperature, as is the case 
in a steam engine, will the Carnot cycle represent the ideal. 

Now consider one of the elementary Carnot cycles, into which 
the gas-engine cycle has been divided, by itself, Fig. 3-5. 


694 
1 


peo -- - -------- 


Fig. 3-5. 


For the point 1 we may write 


DEEL. 
aeicge 


and since during the supply of the infinitesimal heat element 89; 
the values of p, and », increase only by infinitesimal amounts, we 
may assume without great error that the volume and pressure at 
the end of the heat supply are also represented by v, and Pi 
respectively. Similarly we may write for the point 2 


Ge fe 
Re OTe 


The efficiency of the elementary cycle under discussion is then 





Bal, _ PY ey & to 220 
T, Pi 1 Pry 
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But since the other enclosing lines are adiabatics, we have 


Y 7 i. 
1,0; = P2Vz, from which 


I 
yt 


ace 
Ee 1-2 (2) = oe (35) 


P1\P2 Pi 
In connection with the last equation it should be observed 


Finally, therefore, 





that while the expression H, = a P is based upon the general 


1 
laws of thermodynamics, and is therefore applicable to all work- 
ing fluids without exception, equation (85) has been derived from 


this by the use of equations 7 = R, and pv 7= constant. 


Equation (35) is therefore strictly applicable to gas only. 
Equation (35) leads to the following important deduction: 

To obtain the best efficiency in a closed cycle, it is necessary to supply 

each heat element at a pressure p, and to reject the part not trans- 


ormed into work at a pressure p,, so that the ratio Pt shall be as 
P P2 p 
De 
large as possible. 


As previously pointed out, however, in the case of the gas 
engine, the pressure p, cannot well be below atmosphere because 
the use of a vacuum is neither practicable nor economical. Hence 
the meaning of equation (85) narrows down to the point to in- 
troduce each heat element at the highest possible pressure p,, and to 
reject the part not used at a pressure as close to atmosphere as possible. 

With this knowledge it becomes easy to compare the various gas- 
engine cycles among themselves to determine which of the pressure 
lines at which heat is supplied gives the best guarantee of efficiency. 

Figure 3-6 represents the cycle with combustion at constant 
volume, Fig. 3-7 the constant pressure cycle, and Fig. 3-8 the cycle 
with isothermal combustion. The heat is rejected in each case 
along a constant-pressure line as nearly as possible to atmosphere. 
It is assumed also in each case that the pressure and temperature 
at the end of compression shall be the same, that is, that p, and 
T’, in Fig. 3-6 shall be equal to p, and 7’, in Fig. 3-7, ete. 
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Now assume that each cycle is divided by adiabatics into an 
infinite number of elementary cycles. For convenience only three 
of these are indicated in each figure. With combustion at constant 
volume Fig. 3-6, each heat element, 8q,’, 89,”, etc., supplied 
serves to raise the temperature and especially the pressure for 
the one succeeding it, and since expansion is carried to atmosphere 
in each case, it is plain that this method of combustion tends of 
itself to fulfil the requirement above outlined. On account of 
the increasing pressure ranges, the efficiency of each elementary 
cycle is in this case greater than that of the one just preced- 
ing it. 

The same course of reasoning applied to combustion at con- 
stant pressure, Fig. 3-7, will show that each heat element, 8q,’, 
89,”, ete., while it serves to raise the temperature does not raise 
the pressure for the next succeeding element. The expansion 
being again in each case to atmosphere, the pressure ranges for 
all the elementary cycles, and hence: also the efficiency, is the 
same. 

The case of combustion at constant temperature, Fig. 3-8, is 
even less favorable. Here each heat element, 8q,’, 8q,”, etc., 
does not raise the temperature for the succeeding element, but is 
accompanied by a decrease of pressure. The exhaust pressure 
being unchanged, this means a smaller pressure range for each 
succeeding elementary cycle, and consequently a steadily decreas- 
ing efficiency. 

Looking next at the heat discharged from each elementary 
cycle, we may write: 


89,’ = dq,’ = Aq,’ 
dq, > 89,” > 8q2"”” 
dq,’ = dq,” = dq," 
Aq,’ < Ag << Aq” 

From all this it follows that, starting with the same pressure 
of compression, the constant-volume combustion is more efficient 
than that at constant pressure; and this in turn is more efficient 
than isothermal combustion. 

Isothermal combustion, being so obviously inferior to the 
other two in theory, is also difficult to carry into operation prac- 
tically, and for these reasons is practically obsolete. 
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5. Practical conditions affecting the choice of best cycle for 
any given case. 

It is evident from the préceding article that the most impor- 
tant item in the efficiency question is the pressure at the end of 
compression. The aim should be to use as high a pressure as 
possible in order to introduce the first heat element at the highest 
possible efficiency. But the compression pressure governs the 
maximum pressure and temperature occurring in the cycle, and 
that brings us to a consideration of the pressure and temperature 
limits. 

Of these two the temperature limit plays but a secondary 
part, because it is possible to operate on a cycle whose maximum 
temperature may be 3000 degrees Fahrenheit for the reason that 





these maximum temperatures exist but for a very short time. 
The pressure limit is more important, because no matter how 
short a time the maximum pressure lasts, the driving mechanism 
of the machine must be built for this pressure. In modern prac- 
tice 550-600 pounds seems to be about the maximum pressure 
limit that can be economically handled. Herein we find a condi- 
tion which may modify the conclusion arrived at in the previous 
article as regards comparative efficiency of combustion at con- 
stant volume and at constant pressure. 

Assuming the more practical condition, that the maximum 
pressures in the two cycles, instead of the compression pressures, 
shall be the same, the diagrams would be placed as shown in 
Fig. 3-9, in which the broken line represents the Otto cycle. It 
is evident in such a case that only the last heat element of the 
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Otto cycle is introduced at the same efficiency as the first, and 
consequently all, of the heat elements of the cycle at constant 
volume. Hence, upon these premises, the constant-pressure 
cycle is more efficient than the constant volume cycle. Under 
some conditions, however, favorable to the Otto cycle, this advan- 
tage of the constant-pressure cycle is not very great. Thus in a 
Diesel engine cutting off at full load at 10 per cent, § = 2.5, assume 
r= 18, and y = 1.41, then E, will be .564. An Otto engine 
cycle of the same maximum pressure limit, = about 460 pounds, 
would show a compression pressure of from 190-225 pounds, r 
would be about equal to 7, and with y = 1.41, E, would be .550. 
This shows a gain for the Diesel engine of only 1.5 per cent, but 
it should be pointed out that a compression pressure of 200 
pounds in an Otto cycle can only be reached with extremely lean 
fuel gases, or with separate fuel and air compression. However 
that may be, the advantage of the constant-pressure cycle over 
the constant-volume cycle, presupposing equal maximum pres- 
sures in each, is comparatively small, and hence the undoubted 
gain that the Diesel engine shows in practice over the average 
constant-volume engine is by some writers attributed not so 
much to the cycle as to the greater perfection of. combustion. 
That this is approximately true has been proven by Giildner who 
constructed engines operating on the Otto cycle upon the most 
advanced ideas, and obtained efficiencies fully as good as those 
obtained by Diesel. 

A second limit set to the compression pressure that can be 
carried is due to pre-ignition. All fuel mixtures will ignite spon- 
taneously if the temperature becomes high enough, but the 
critical temperature varies greatly for the different fuels. This 
fact directly governs the compression pressure. While it is hardly 
advisable to use more than say 80-90 pounds in the case of a 
gasoline mixture, a blast furnace gas mixture will easily stand 
150 pounds without pre-ignition. Since the efficiency of the 
cycle depends directly upon the compression pressure, as above 
shown, we should expect a better efficiency for blast furnace 
gas than for gasoline, and this is actually so.in practice. The 
difference, however, is due to the nature of the fuel. A remedy 
for this state of affairs would be to compress the air separately 
and introduce the gasoline or other fuel oil only at the moment 
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combustion is desired. This leads to the constant-pressure 
cycle, and thus the fuel to ne pep toyed should be considered in 
the choice of cycle. 

A final point to be considered is this: By theory the greater 
the compression pressure, the higher the efficiency. This holds 
for either type of cycle. But how far can this compression be 
carried, outside of the questions of upper pressure limit and pre- 
ignition above considered, before the added gain due to higher 
compression is in practice balanced or overbalanced by attendant 
losses. 

The following discussion of this question by Giildner, as applied 
to combustion at constant volume, is instructive. 

The efficiency of any engine should not be judged upon cylin- 
der performance, but upon the performance at the shaft. Usually 
this is called the “thermal efficiency per brake horse-power,”’ 
but a shorter and more expressive term which the authors prefer 
and will use in this treatise, is “Economic Efficiency E,.” 


Now 
f= hh = XE EE 
where 
E, = thermal efficiency per indicated horse-power. 


Brake H. P. 





E,, = mechanical are of engine = ntachicd Eel 
E, = cyclic efficiency as derived in the preceding articles = 
=1— : for combustion at constant volume. 
and 
X =a factor such that HE, = XE, so that X is always less 
than 1. 
The mechanical efficiency may be expressed by 
Hees Ui 
Di 


where 


Pp; = mean indicated pressure per square inch of piston, 
and 


P; 


pressure lost in friction per square inch of piston. 
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Hence 





E,=XEPi—Piox yi iene 
pi ( pp 


The value of H, therefore depends upon the relation between 
the factors. X, p,, and p;, as modified by a variation in r, that 
is, in the pressure of compression. The change in the value of 
X due to a variation in r is quite unknown, and is in any case 
so small that it may be neglected. Regarding the relation 
between p,, p;,, and r, numerous tests have shown that, as r 
increases, the mechanical efficiency ee is at first quite con- 

4 

stant, but that after a certain point it commences to decrease 
quite rapidly. This is due to the fact that for the first part of 
the range any increase in p;, due to an increase in r, is counter- 
balanced by a corresponding gain in p, Beyond a certain point, 
however, there is a loss in p;, owing to the fact that the fuel 
mixture has to be made more and more lean to prevent 
‘pre-ignition, and the mechanical efficiency consequently de- 
creases. Hence we have the net result that as long as an increase 
im p,, due to an iecrease in r, is met by a proportionate gain 
in p,;, the Economic Efficiency E* will increase. Just as soon, 
however, as, with increase in r, a loss in p; results, E, will’ com- 
mence to decrease, and the economic compression limit will have 
been passed. 

Tests and computations have shown that up to r = 6, which 
means a compression pressure of about. 160 pounds, the mechani- 
cal efficiency does not change materially, but that beyond this it 
commences to decrease. This is probably due to the necessary 
increase in the size of machine parts due to the greater pressures 
and to the fact that leaner mixtures than would ordinarily be 
used must be employed to prevent pre-ignition, with a correspond- 
ing loss in the value of p,. Beyond r = 6 the gain in £, is small 
and at r = 10 it practically ceases to increase. Hence we con- 
clude that for combustion at constant volume the use of values of r 
greater than ‘about 8, for which the compression pressure equals 
about 225 pounds, ts no longer accompanied by any useful gain in . 
the economic efficiency of the machine. This statement does not 
apply to combustion at constant pressure because its E, follows 
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a different law, and EL, decreases more slowly on account of the 
generally greater value of p,. 

Finally, in laying out an. Otto cycle, to obtain high engine 
capacity per unit volume of cylinder means making the maxi- 
mum pressure as high as possible to obtain a high value of p,. 
With fuel mixtures which cannot stand a high amount of com- 
pression this would mean the use of rich gas mixtures. Where 
max. pressure 
comp. pressure’ 
instead of being from 4-5, may be profitably made from 2.5 to 3 
by the use of leaner mixtures, so that the maximum pressure 
shall be in the neighborhood of say 450 pounds. The chances 
are, as the gas engine develops, that higher maximum pressures 
will be employed, but according to Gildner the use of working 
pressures exceeding 600 pounds is neither economical nor safe. 


the compression can be made higher, the ratio of 


CHAPTER IV 


THE VARIOUS EVENTS OF THE CONSTANT VOLUME AND THE 
CONSTANT-PRESSURE CYCLES AS MODIFIED BY PRACTICAL 
CONDITIONS 


1. In the previous chapter the various cycles were discussed 
and compared on theoretical grounds. For this purpose several 
things were assumed which in practice are only approximately 
true; thus compression and expansion lines were assumed adi- 
abatic and the surrounding walls impermeable to heat. It is, how- 
ever, true that the heat interchange between the charge and the 
walls may be such as to give a line on a diagram which strictly 
follows the adiabatic law. Such a line is by some writers called a 
false or pseudo-adiabatic. Again it has been assumed in the theo- 
retical discussion that ignition is perfect, that the composition of 
the charge is uniform, and that combustion is complete and per- 
fect; none of these things quite obtain in practice and all the va- 
riations have their influence upon engine performance. Thus it 
happens that the cyclic efficiency above computed is in any given 
case never realized, but that the actual thermal efficiency is al- 
ways less than E.. 

The following paragraphs will point out these modifications 
more in detail. 

2. The four-stroke Otto cycle. 

(a) Tue Sucrion Stroke. At the end of the exhaust stroke, 
the clearance volume V,, Fig. 4-1, is filled with burned gases 
under a pressure p, and a temperature 7’. The weight of these 
gases can only be approximately computed, since nothing definite 
is known of the temperature 7',. It is in most cases probably 
between 12-1400 degrees Fahrenheit, while the pressure p, in 
well-designed machines may be from 16-18 pounds absolute, 
but circumstances may alter these figures considerably. At 
the commencement of the suction stroke the pressure falls 
from p, to the suction pressure p, along a curve deter- 
mined by the re-expansion of the burned gases in the 
clearance spaces. Only after this re-expansion will the fresh 
charge be drawn into the cylinder. It is thus seen that the 
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volumetric efficiency, H,, of the cylinder, that is, the ratio 
volume of fresh mixture 
volume of piston displacement, 
of burned gases remaining, thus affecting cylinder capacity. If 
through bad form of combustion chamber, too small an exhaust 
opening, or a restricted exhaust pipe, the exhaust pressure should 
be kept too high, or too much burned gas remain behind, this effect 
of re-expansion will be more marked than above indicated. A too 
early closure of the exhaust valve may have the effect shown in 
Fig. 4-1 in dotted line. It is evident, however, that in the ordinary 
four-cycle engine without scavenging this loss of volumetric effi- 
ciency will always be present ,depending uponthe clearance volume. 


depends directly upon the weight 
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A second factor affecting the volumetric efficiency of the 
cylinder is the suction pressure p,. At the end of the suction 
stroke the cylinder contains a volume of gas, v, made up partly 
of burned gas and partly of fresh mixture, under a pressure 7p,. 
The compression stroke raises this amount of gas to the pressure 
p, with a volume v, The compression curve crosses the atmos- 
pheric line when the stroke volume is only vy and not the 
full volume v,. Hence the volume v, — v, represents a loss in 
volumetric efficiency, and this loss is the greater the smaller p,. 
It follows that the inlet pipes and valves should be so designed as to 
cause a minimum suction pressure, that is, to keep p, as close to at 
mospheric pressure as possible. This also makes clear why vapor- 
izers and carbureters always decrease engine capacity somewhat. 
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Thus there is a loss of volumetric efficiency, and hence of 
engine capacity, at each end of the suction line. The real volu- 
metric efficiency, H,, is found in any given case by dividing the 
volume represented by the line a—b, measured along the atmos- 
pheric line, by the volume », of the piston displacement. 

Attention should at this point be called to the fact that cer- 
tain systems of speed regulations depend upon the variation in 
the suction pressure. By throttling the mixture from the begin- 
ning of the stroke, or by cutting off the supply completely at a 
given point in the stroke, p, is increased or decreased depending 
on the load on the engine, thus directly controlling the charge 
volume, and hence the engine capacity. This is explained more 
in detail in the chapter on governing. ¥ 

Since it is quite evident that neither the loss by re-expansion 
or that due to the suction pressure at the end of the suction stroke 
can be entirely avoided, it becomes interesting, at least from the 
point of design, to know approximately what values of EZ, to 
expect in different types of engines. Naturally H, decreases 
with the speed of the engine, because since high-speed engines 
are usually small engines, the difficulty of placing valve openings 
large enough to prevent serious throttling of the charge becomes 
greater as speeds increase. Computations are of little avail in 
this matter since little is definitely known of the temperature 
of the charge at the end of the suction stroke. For that reason 
more reliance is to be placed in figures based upon practical 
experience. The following table is due to Giildner: 











Ey, Ps 
Ibs. per sq. inch 
absolute 


1. Slow-speed engines with mechanically oper- 

ated inlet svalveR astkooma eae eee meee 88 — .93 12.9 — 13.7 
2. Slow-speed engines with automatic inlet valve .80 — .87 12.5 — 13.2 
3. High-speed engines with mechanically oper- 

ated inlet ryalve.m.m © 0c ae ee eee 78 — .85 11.7 — 12.5 
4. High-speed engines with automatic inlet valve .65 — .75 11.4 — 12.2 
5. Very high-speed engines with automatic inlet 

valves and jairicoolinie: me neice ray.) or ene 50 — .65 8.8 — 11.0 








Suction gas generators and vaporizers may in unfavorable 
cases decrease the above figures for H,, as much as 5 per cent. 
(b) THE Compression Stroke. — The compression line may 
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be taken to follow the general law pv” = constant. During the 
first part of the stroke there is probably a flow of heat from the 
walls to the comparatively ceol charge, but this is soon over- 
balanced by the heat of compression, so that during the last and 
greatest part of the stroke the flow is into the walls. The com- 
pression curve is therefore rarely an adiabatic po” = constant, 
where = , as computed for the charge. In most cases the 
line is intermediate between an adiabatic and an isothermal, and 
strictly also the value of the exponent, n, is not constant along the 
entire line. The value of n in actual cases lies between 1.30 and 
1.38, with an average of about 1.35. In cases of very ineffective 
cooling n may exceed y = a . It should also be noted that 


leaky pistons and valves cause a flattening of the compression 


curve, which apparently decreases the true value of n. 

From the equations pv” = constant, and pv = constant, we 
may derive the following equation for the absolute pressure p, 
at the end of compression, see Fig. 1. 

ae \" 3 
Pa p{ =.= PT 
The absolute temperature at the pressure p, will be 


n—1 


ae ae z (E*) “ alg 
This equation requires an assumption for the value of 7’, the 


temperature at the end of the suction stroke. As already stated, 
not a great deal is known about this. S. A. Moss states that 
experiments have shown it to be between 200-300 degrees 
Fahrenheit, that is, 660-760 degrees absolute, but gives no details. 
Schéttler in his examples on type-cycles assumes in most cases 
350 degrees Centigrade absolute, = 632 degrees Fahrenheit absolute. 

The clearance volume required to produce a pressure p, and a 
temperature 7’, will be 


Ps 2 (or on 
eas Pe ee P: 


The following table shows values for the absolute compression 
pressure, p, and the end temperature 7’, for various values of n, 
of r, the ratio of compression, and of 7’. The value of p, has been 
assumed at 12.5 pounds absolute: 
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It has already been shown in the previous chapter how the 
cyclic efficiency and consequently also the thermal efficiency of 
an engine depends upon the compression pressure. It has also 
been shown that there are commercial limits to the compression 
pressure due to pre-ignition of charge. As regards pre-ignition 
of charge, which is to be distinguished from back firing or explo- 
sions in the exhaust pipe, the greater danger of this exists with 
fuel mixtures high in hydrogen. Hydrogen, next to acetylene, 
possesses the lowest ignition point of any of the gaseous fuels 
commonly employed. Hence illuminating gas with about 45 
per cent by volume of hydrogen is much more lable to pre-ex- 
plosion under the temperature of compression than a producer 
gas with 15 per cent. Hence we may use a higher compression 
pressure in the case of the latter gas, and may expect, and actually 
obtain, a higher thermal efficiency in practice. With gases very 
rich in CO and low in hydrogen there is little danger of pre-igni- 
tion even up to the commercial limit of high pressures. Lucke 
estimates that for every 5 per cent of hydrogen that the gas con- 
tains 15 pounds should be subtracted from the otherwise allow- 
able compression pressure. In general it should be borne in 
mind, and this applies to all fuel mixtures, the better and more 
effective the cooling of the cylinder, the higher can be the com- 
pression without danger of pre-ignition. Anything which draws 
down the temperature during. compression, as water injection, 
is also favorable to the same’ thing. A case in point is Banki’s 
method of water injection with gasoline as fuel, by which means 
compression pressures could be employed which gave thermal 
efficiency results equal to the best obtained on lean gases. 

Premature explosions are sometimes directly due to faulty 
design of the combustion chamber. Any projecting point or 
edge in the chamber which cannot be effectively water-cooled 
may become red hot under compression, and thus locally raise 
the temperature high enough to cause pre-ignition. This action 
is so certain that it has been proposed to use it as a method of 
ignition by placing a projection on the piston face. It was found 
that while this scheme would work, it was not susceptible of con- 
trol, and was abandoned. 

The following table shows the safe compression pressures in 
use with the fuels commonly employed, as given by Lucke. The 
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second column gives the percentage of clearance required to 
produce the pressure p, in terms of the piston displacement. 
This column has been computed assuming p, = 13 lbs. absolute 
and qe=)1 235. 














= 
Compression % Clearance in 
Fuel Pressure terms of Piston 
Lbs. by gage Displacement 
Gasoline: 
Auto-engines with carbureters, cooling not 45 — 95 
very effective, high speeds....... Raa Ave., 65 35 
Gasoline: 
Stationary, slow-speed engines, more effec- 
tive cooling but usually less simple com- 60 — 85 
bustion chambertes- lio ere tte Ave., 70 32 
Kerosene: - 
Hot bulb injection and ignition ......... 30 — 75 35 — 40 
Kerosene: 
Previously vaporized in devices not requir- 45 — 85 
TOE AOU, hoa gouo gas oeodcaucces Ave., 65 35 
NaturaliGasen:rcmtie acts cee ae ore 75 — 130 
Natural Gas: 
Average for large and medium engines...| Ave., 115 22 
lMlibioeh any rr G oe Sens asaqs soci out 60 — 100 
Ave., 80 26 
ProduceriGas As eisct eit spyneetorl ae ee eho at 100 — 160 
Producer Gas: 
In large engines water-cooled on pistons 
ANG: VAIVES: < dc an elds lene oa eee ee Ave., 135 20 
Blast. Murnace Gasuwntre. acess a eauseecta sr 120 — 190 
Ave., 155 7 

















(c) Tur Compustion Linn. — The shape of the combustion 
line depends primarily upon the interrelation of three things: 
composition of charge, point of ignition, and piston speed. 

For every fuel there is a certain fuel-air mixture which gives 
the greatest rate of flame propagation, 7.e., the most rapid com- 
bustion. Any further admixture of neutral gases, whether these 
be air or burned gases, results in a slower combustion, until there 
comes a time when ignition fails. Suppose, therefore, that in any 
given engine with full throttle, constant speed, and proper igni- 
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tion, we obtain diagram, Fig. 4-2,a. Now if the throttle is partly 
closed, making the dilution of the charge by the burned gases 


greater than before, card, Fig. 4-2, b, 
results. Further closure of the throttle 
makes the combustion still slower, 
Fig. 4-2, c. Similar effects would have 
been obtained with full throttle if the 
proportion of air in the fresh charge be 
seriously increased. 

For proper combustion the time of 
ignition should be so chosen that the 
combustion line is vertical or nearly 
so. This means that every different fuel 
mixture and every different piston speed 
will have its own proper point of 
ignition. For that reason the ignition 
apparatus in every engine should be 
made adjustable, because the only way 
to determine the proper time is by trial. 
For small gasoline engines this adjusting 
may be done by ear, since the proper 
point of ignition corresponds nearly 
with the highest speed, for a given 
throttle position. For more accurate 
work the indicator, preferably with a 
constant-speed drum motion, should be 
used. It will in general be found when 
ignition is right that it occurs some 
time before the piston has reached the 
dead center, the amount of this lead de- 
pending upon the mixture and the 
piston speed as above stated. What im- 
properly timed ignition results in is 
shown in a diagram, Fig. 4-3, given by 
Clerk. With proper ignition the normal 
diagram is indicated by a. As the time 
of ignition is made later and later, 
cards b,c and d result, in the last 
case flame propagation starting so 


a 


Fie. 4-2. 
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late that it barely overtakes the piston before the end of the 
stroke. 

If instead of changing the time of ignition the piston speed 
‘had been increased, effects very similar to those of Fig. 4-3 
would have been obtained. 

Thus the dependence of the shape of the combustion line upon 
the three factors mentioned at the outset is clear. 

The maximum pressure attained during combustion depends 
upon the heating value of the charge. With all conditions favor- 
able, the maximum pressure should be reached at or before one- 
tenth stroke. The rich fuel mixtures, those for illuminating 
gas, natural gas, gasoline, etc., show rapid combustion. They 


10. at 





Fig. 4-3. 


cannot in general stand high compression, and the ratio of 

maximum pressure, 
compression pressure, 
high, between 3 and 5. The naturally leaner fuels like producer 
gas and blast furnace gas ignite better when highly compressed, 
but on account of the generally low heating value of their fuel 
mixtures the pressure ratio for these gases is usually less, between 
1.5 and 3. 

The maximum explosion pressure p,, Fig. 4-1, even assuming 
complete combustion at constant volume, is in no actual case as 
high as that computed on theoretical grounds for the heat received 
by the cycle. There may be several reasons for this. One is un- 
doubtedly the loss of heat to the jacket water during explosion. 
This amount of heat is a dead loss since it does not even enter 
the cycle. It is something, however, which cannot be avoided, 
since cooling is a necessity for other reasons. Another is due to 
the undoubted fact that the specific heat of the gases increases 


, simply called the pressure ratio, is usually 
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with the temperature. We can not, however, as yet mathemati- 
cally gage this effect, because nothing definite is known of the 
law of increase.* . 

Another theory to account for the failure to realize theoreti- 
cally maximum pressure assumes that combustion is not com- 
plete, that is, that not all of the heat of the charge is liberated 
when the piston starts forward. This results in after-burning, 
which will be considered later. It is quite likely that in most 
cases these three things combine to keep the observed pressure 
below that calculated. 

Assume that the combustion takes place at constant volume, 
and let p, and V,, Fig. 4-1, be the pressure and volume at the 
end of the explosion. 


Chess pxT'c 
Then ee eye 
Pe as De 


If the combustion line is other than vertical, as indicated by 
dotted line in Fig. 4-1, let p,’, T,’ and V,’ be the data for the 
end of the sombustion The show equations then become 


TeV 


Pe Deve, ng Vf 
Px = Pe Vy ,and [",/ = T, ave 





If in the above equations the values of p, or p, are taken 
from actual diagrams, the equations for T,, or T} will give real 
temperatures. But if p, should be pommeaiten fot one of the 
theoretical diagrams of the previous chapter, then the value of 7’, 
should be multiplied by a factor which expresses how much the 
real value of p,, falls below the theoretical value of p, due to 
imperfections of combustion. This factor is approximately equal 
to the ratio 


Indicated thermal efficiency 
cyclic efficiency 





An idea of the maximum pressures p, or p,/ existing in the 
cycle may be gained by considering that in most.cases the ratio 


P= can be made equal to 3. Turning to the table, page 88, we 


c 


* See Chapter X. 
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see that for n = 1.35, and r = 6, p, is equal to about 140 Ib. 
absolute. Thus p, would be about 3 x 140 = 420 lb. The 
temperature 7',, assuming 7’, = 700 degrees, which for the same 
values of n and r, makes 7 = 1114, would then be about 


Lea PLANET = 3342° F. absolute. 
140 
The following figures give a few of the characteristic diagrams 
for various fuels. 


Fig. 4-4. 


Fic. 4-4. From Struthers-Wells hit-and-miss engine. 114” x 18”, 30 H.P., 
200 r.p.m., natural gas. Card good throughout, compression 80 lb., max. 
pressure, 320 Ib. Pressure ratio *g'? = 3.5. 


Fie. 4-5. 


Fig. 4-5. From Struthers-Wells automatic engine, 16}” x 22”, 150 H.P., 
200 r.p.m., natural gas, full load. Card good, compression 96 lb., max., 
pressure 330 lb. Pressure ratio $#? = 3.1. 


é 
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Fic. 4-6. From Stock- 
port engine. Given 
by Clerk, the Gas and 
Oil Engine, p. 321. 
92” x17", 9 hp., 182 
r.p.m. Illuminat- 
ing gas. Compression 
90 lb., max. pressure 
270 lb. Pressure ratio 
= 2.0. 





Fie. 4-7. From Hornsby- 
Akroyd kerosene en- 
gine. 6 H.P., 225 
r.p.m., Card at about 
2 load. Hot bulb 
vaporization, hence 
pressures low. Com- 
pression 45 lbs., maxi- 
mum pressure 116 lb. 
Pressure ratio = 4°) 
= 2.2) 


Fic. 4-7. 


Fig. 4-8. Card 


from a _ gasoline 








engine given by 
Lucke, Gas En- 
gine Design, p.71. 








Vapor prepared 
outside cylin- 








der. Compression 





80 lb., maximum 


pressure 372 lb. 





Pressure ratio °°’ 
= A407. 





























96 INTERNAL COMBUSTION ENGINES 


Fig. 4-9. 


Fic. 4-9. Taken from Koerting engine. 700 H.P. Blast furnace gas. 
Max. pressure 242 lb., compression pressure 127 lb., Pressure ratio = 
257 = 1.8. 

142 


Fie. 4-10. 


Fig. 4-10. From American Crossley producer gas engine, given by Langton. 
184 x 24”, 65 K.W., 200 r.p.m. Hit-and-miss governor. Gas rather high 
in H and low in CO, hence compression low. Compression 83 lb., maximum 


pressure 248 lb. Pressure ratio %y) = 2.7. 


The following two diagrams show abnormal conditions: 


Fie. 4-11. 


Fic. 4-11. Pronounced case of pre-ignition in 6 H.P. Hornsby—Akroyd 
kerosene engine due to too high compression. This was cured by the 
addition of a little water to the charge. 
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g » 

i d 

. a i 
Fig. 4-12. 


Fie. 4-12. Case of back-firing as distinguished from pre-ignition. Power, 
Oct. 15, 1900. Explosion in the suction pipe at a during the suction stroke. 
Observed in an engine which attempted scavenging by means of os- 
cillations of burned gases in the exhaust pipe. Back-firing more often 
occurs in the exhaust pipe due to accumulation of unburned gas. 


(d) Tae Expansion Line. — The expansion line, like the 
compression line, may be taken to follow a general law pv” = 


constant, in which n is rarely equal to y= a , for the burned 


gases. Assuming that combustion is complete when the piston 
starts forward, the loss of heat to the jacket during expansion 
should cause the expansion line to lie below the adiabatic, that is, 
nm should be greater than y. (It should be remembered in this 
connection that leaky pistons and valves cause an increase in the 
true value of n.) Now it is very often found that the expansion 
line falls off much more slowly than this, coinciding now and then 
with the adiabatic, but very Often lying between this and the 
isothermal, that is, n is less than y. The explanation of this 
phenomenon has been held to be an evolution of heat along the 
expansion line equal to or exceeding the loss of heat to the jacket 
during this period. Several theories have been advanced to 
explain this. 

The older machines of Lenoir and Hugon showed values of 
the exponent n for the expansion line between 1.4 and 1.6, while 
the earlier Otto machines showed values approximating 1.3. To 
explain this, Otto, and after him, Slaby, at least for a time, 
advanced the theory of stratification. It was supposed that. the 
charge of a 4-cycle machine could be so arranged as to have 
practically nothing but burned gases against the piston, next 
practically air, then a layer of poor mixture, and finally near the 
igniter the fuel mixture in its full strength. It was further 
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assumed that this arrangement was disturbed but little during 
compression. Hence ignition was sure; but as the combustion 
progressed and reached the leaner layers of mixture, it became 
more and more slow, was not completed when the piston started 
forward, and was continued along the expansion line, showing a 
so-called after-burning. Thus Otto attempted to explain the 
somewhat slower rise of the combustion line and the absence of 
the serious shock at the moment of explosion in his gas engines. 
In the fight against the Otto patent, tests were made by the 
Deutz Company, by Dewar and by Teichman, all of which seem 
to support Otto’s claim of stratification. Slaby defended it 
vigorously. It has, however, been pretty clearly shown to-day 
that, while stratification is not at all impossible, in fact it is not 
easy to get a uniform mixture, it cannot have any marked effect 
upon economy or performance; that is, the diagrams would not 
be very far different. The opinion of the best writers of to-day 
leans toward the requirements of most uniform mixture and rapid 
combustion. Clerk has attempted to show that some heat is 
“suppressed”? during the combustion period in every gas engine 
and released along the expansion line, although to attempt to 
express these quantities in thermal units would seem superfluous 
in view of the fact that we know nothing definite of the variation 
of specific heat at high temperatures. It would seem, therefore, 
that after-burning, if it exists, is not a peculiarity common to 
Otto engines only. It is merely evidenced more strongly in the 
Otto diagrams by the fact of higher piston speeds and porportion- 
ately smaller enveloping surface, giving less time and opportunity 
for heat losses along the expansion line, as compared with gas 
engines before Otto’s time. Hence, as Clerk puts it, the slow 
dropping of the expansion line is not the cause of the greater 
economy of the Otto engine, but rather the effect and evidence of it. 

The second explanation of the supposed after-burning rests on 
the so-called dissociation theory. It has been shown by Bunsen 
that a composite gas breaks up into its elements when the tem- 
perature exceeds certain limits. Conversely, chemical combina- 
tions, such as combustion, can no longer take place when this 
temperature limit is reached. This theory applied to the gas 
engine would mean that at the inner piston position, if the tem- — 
perature rises to the limit, combustion no longer takes place, 
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but just as soon as the piston starts forward, resulting in a drop 
of both-temperature and pressure, combustion again ensues and 
is, by the same method, continued along the expansion line until 
no combustible remains. Clerk strongly leans to this view of the 
matter. But it has been pretty definitely shown that the tem- 
peratures in gas engines rarely exceed 28-3000 degrees Fahrenheit, 
and that these temperatures are below the dissociation limit. It has 
also been pointed out by Schottler that if this theory holds good the 
expansion line should be an isothermal as long as there is com- 
bustion. It may therefore be concluded that dissociation plays but 
asmall part in the combustion phenomena found in gas engines. 

Witz, in some tests made with an engine whose piston speeds 
could be varied, found that in each case after-burning occurred, 
but that the combustion was the more rapid and the maximum 
pressure the higher (that is, after-burning the less noticeable), 
the greater the piston speed and the warmer the jacket walls. 
Thus he concludes that after-burning largely depends upon the 
influence of the walls. Slaby, corroborated by E. Meyer, on the 
basis of other tests, has tried to show that these conclusions of 
Witz are not generally applicable, but on weighing the evidence, 
and in the light of later achievements, it must be concluded that 
they and the principle based upon them, 7.¢., rapid combustion 
of the leanest possible mixture at the greatest possible piston 
speed, at least represent a step in the right direction for gas 
engine economy. ie 

From the above it is quite evident that none of the theories 
advanced explain satisfactorily all of the phases of the question 
of after-burning, the occurrence of which must be held as proven, 
especially in the light of later tests. Schdttler, indeed, has 
offered another explanation for the so-called abnormal position 
of the expansion line by showing that a natural solution of the 
question may be found in the variation of the specific heat of the 
expanding gases with temperature. Some figures quoted by him 
show that this may be the case, but before the idea of after-burn- 
ing can be dispensed with, a great deal more experimental work 
is needed and desirable. 

The requirements for best efficiency of combustion and ex- 
pansion have already been briefly explained. In a little greater 
detail they are as follows: 
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1. Highest possible compression before ignition. The effect 
of this is: 

(a) Less admixture of burned gases to the fresh charge. 

(b) Less loss to jacket because smaller volume is involved. 

(c) Greater mean effective pressure. 

(d) Lower terminal pressure and exhaust loss. 

(e) Greater ease of ignition of charge. 

2. Pure and uniform mixture and rapid combustion to avoid 
after-burning. The bad effect of after-burning is due to the great 
jacket loss along the expansion line, and its effect has been com- 
pared by Koerting to that of a leaky valve in a steam engine. 

3. Avoid external cooling. This of course cannot be entirely 
eliminated. But since the amount of heat lost by cooling is a 
function of both time and superficial surface, this requirement 
calls for high piston speeds and a form of cylinder in which the 
superhigey tiriace is the smallest possible. 

volume 

At the moment the exhaust valve opens, the gases have ex- 
panded to a volume V,, with a pressure p, and a temperature 
T,,.see Fig. 4-1. We may write ; 


ratio 





n 


i. 
" Ve xt Uc 
Py = p.({ *) sand f y= (*) 
Dy 


The ratio — is the real ratio of expansion. The expressions for 
v 


the value of p, and 7, for the constant-pressure cycle are ana- 
logues; care should be taken, however, to use the proper ratio of 
expansion, which in this case is quite different from the ratio of 
compression. In the case of the Otto cycle the ratio of ex- 
pansion is in most instances nearly as great as the ratio of 
compression 7, and we may therefore write, from the above ex- 
pression for p, 
Px 
Ona 
This shows why the terminal pressure decreases with the 
amount of compression, and also points out why the question of 
“complete expansion” is of no practical importance. 
(e) Toe Exnaust Stroxn. — The velocity of efflux of gas 
at the instant the exhaust valve opens is very high, approximat- 


ing 25-3500 ft. per second. The valve should start to open at about 
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; out stroke, and the opening should be of such size that equaliza- 
tion of pressure is practically established by the time the outer 
dead center is reached. Too small an opening means increased 
lost work due to higher back pressure, higher mean cylinder 
temperatures, and less cylinder capacity. To get some idea of 
the charging and discharging operations of the four-cycle cylinder 
it is best to take the so-called loop card with a weak spring, say 


Fie. 4-13. 


10-30 lb. scale, with stop attached. Besides giving a measure 
of the charging work, the so-called fluid friction, this also often 
reveals defects in the valve mechanism and sometimes curious 
variations in the exhaust line, which, however, are nearly always 
due, not to the engine, but to the exhaust piping. The ideal 
exhaust line should drop quickly nearly to atmosphere and re- 
main so throughout the stroke. Fig. 4-13, from a 163 x 22 





Fic. 4-14. 


Struthers-Wells automatic engine on natural gas at full load, 
shows a nearly ideal exhaust line and in fact a very good loop 
card. Many loop diagrams, however, show a vacuum at the 
beginning of the exhaust stroke. This is undoubtedly due to the 
inertia of the initial gas column once set in motion. In some 
cases the indication of a vacuum is only very slight, in others it 
may last for half the stroke. In fact some builders have tried to 
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utilize the phenomenon to help scavenge the cylinder, but nothing 
has resulted from it because so many accidental conditions are 
apt to interfere with the regularity of its occurrence. Fig. 4-14 
from a 6 horse-power Hornsby-Akroyd oil engine shows the 
occurrence of the vacuum very plainly. Owing to some pecu- 
liarities in the exhaust pipe, it sometimes happens that the masses 
of exhaust gas in the pipe are set into vibrations which cause a 
recurring vacuum in the exhaust line. Fig. 4-15, given by Gildner, 
shows a diagram from an Otto engine in which this occurred. 
The absolute size of the loop, 7.e., the fluid friction, varies 
with the method of regulation, and, in a hit-and-miss engine, with 
the load on the engine. The effect of the method of regulation 
will be discussed in a later chapter. In a hit-and-miss engine at 
low loads the cylinder is cooler than at high loads, and the weight 
of gases displaced is greater, hence we may expect a greater area 
of loop than at normal loads. Humphrey, in a test of a 400 





Fig. 4-15. 


horse-power Crossley engine, determined a fluid friction loss of 
15 horse-power at full load, which is 4 = 3.8 per cent. When 
the engine was taking in air only, this loss was 33 horse-power, 
but even assuming that there was no increased loss at say half 
load, the fluid friction would thus have been 35 = 7.5 per cent. 
It is found in general practice that fluid friction in hit-and-miss 
engines represents from 4-10 per cent of the engine power at full 
load, depending upon proper design. 

3. The two-stroke Otto Cycle. Fundamentally there is no 
difference between the compression, combustion and expansion 
lines of the four-cycle and two-cycle types of engines, whether 
they operate on the constant-volume or constant-pressure com- 
bustion principle. The difference between the methods of opera- 
tion is principally that the exhaust and charging actions of the 
four-cycle type are done in another way in the two-cycle, and that 
therefore the crank receives an impulse every revolution instead 
of every other. Fig. 4-16 shows an idealized two-cycle diagram. 
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The exhaust opens as before at a, the exhaust gases escape, charg- 
ing commences, and is finished at b, where compression commen- 
ces. That is the ordinary operation. There are some modifications, 
as for instance fuel is pumped in under high pressure along the 
compression line, or, as in the Diesel, air alone is compressed and 
the fuel injected only when the compression is completed; but 
these are special cases. It will be seen, therefore, from the dia- 
gram that in the ordinary case the exhaust and charging actions 
must be done during the time that the piston moves from a to the 
dead center position c, and back again to 6. This time is short 
at best and extremely short under high speeds, and therein lies 
the whole difficulty of two-cycle operation. 

The prime requirement of two-cycle operation is thoroueh 
scavenging of the cylinder of burned gases, for upon that depends 





Fic. 4-16. 

not only the volume of the fresh mixture that can be taken in, but 
also the explosibility of the charge. Too great a remainder of 
such gases not only seriously decreases the capacity of the ma- 
chine, but it may even go so far as to prevent ignition altogether. 
Thus, as Giildner aptly says, the two-cycle stands or falls with 
the perfection or imperfection of the scavenging process. In the 
light of these facts it is comparatively easy to point out the re- 
quirement for good two-cycle operation. 

I. The exhaust gases should be at approximately atmospheric 
pressure by the time the point c, Fig.4-16, is reached. This reduces 
the volume of the gases remaining in the cylinder and reduces the 
work displacing them. For that reason the exhaust port should 
be of ample size, and this explains why the ring of ports, uncovered 
by the piston, is so much used. An exhaust valve as such is 
done away with. 
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II. Scavenging should commence somewhere between a and c. 
The scavenging agents used are 

(a) Air; (b) fuel mixture. 

The means by which the scavenging agent is furnished are 

(a’) Separate pumps. 

(b’) One end of cylinder or cross-head, used as pump. 

(c’) Crank case used as pump. 

Of these combinations, a—-a’ is undoubtedly the best. It is 
unquestionable that for thorough scavenging some excess of the 
agent should be employed, and for this only air and not fuel mix- 
ture can be used. Now only independent pumps admit of the 
obtaining of such an excess. It is plain, however, that it would 
not pay to construct independent pumps for all sizes of machines, 
hence they are restricted to large or at least medium powers. 
When independent pumps are not employed there is usually 
some deficiency of air. The designer, by proper design of com- 
bustion chamber and valves, is then compelled to do the best he 
can with the means at hand. Using the front end of the cylinder or 
designing the cross-head as a pump is better than using the crank 
case as such, mainly on account of less leakage, smaller clearance 
spacesand the possible betterarrangement of valves. Fuel mixtures 
should under no circumstances be used for scavenging, except 
where cheapness of machine is the primary factor. Hence the small 
two-cycle machine which uses the fuel mixture as the scavenging 
agent, compressing it previously in the crank case. Such machines, 
however, present no true picture of two cycle operation or economy. 

III. The scavenging agent should be of low pressure, and if 
possible of constant pressure. Low pressure is required to pre- 
vent the incoming air from piercing through and breaking up the 
mass of burned gases. The idea is to have the scavenging air 
shove these gases ahead of itself in a solid column. Constant 
pressure can be maintained only by the interposition of a. reser- 
voir between the pumps and the cylinder. Regarding the pres- 
sure of the scavenging air, however, a great deal depends upon 
valve and port construction, and speed of operation, hence nothing 
definite can be said to fit all cases. 

4. The Constant-pressure cycle. At present this is only carried 
out as a four-stroke cycle with oil fuel in the Diesel engine. Funda- 
mentally the modification in practice of the suction, compression, 
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expansion, and exhaust lines do not differ from those already out- 
lined for the Otto cycle. The combustion line needs a little further 
attention. A 

The first cycle proposed by Diesel consisted of isothermal and 
then adiabatic compression, isothermal combustion and adiabatic 
expansion. This agrees with the Carnot cycle. Difficulties in 
the way of practical realization, however, lead to modifications of 
this proposed cycle until the actual cycle of to-day has little in 
common with it. In the first place, approximately adiabatic 
compression, such as is used in any gas engine, was substituted 
for the two compression lines originally proposed. The greatest 
change, however, is in the combustion line. In a lecture given 
by Diesel, a translation of which was printed in the Progressive 
Age, 1897, he lays down as the third requirement of his modified 
cycle “that the fuel must be introduced gradually into the air, 
which is compressed adiabatically to the combustion tempera- 
ture, in such a manner that the heat generated by gradual com- 
bustion is absorbed in the so-called nascent state in consequence 
of a corresponding expansion, 7.e., by mechanically cooling off 
the gases, so that the period of combustion is going on constantly . 
isothermally. It is evident that the fuel, in order to fulfil that 
condition, must be changed in its physical composition to a gas- 
eous, liquid, or powdery form.’” 

“That is to say, that through the combustion and during the 
same, no, ora relatively small,increase of temperature is caused, an 
idea which seems to be absurd after having heretofore always 
effected the increase in temperature by the combustion and during 
the same.” 

So far Diesel, even after the experimental stage of his engine 
had passed. It is quite evident that to approximate this isother- 
mal combustion, it cannot, after ignition, be left to itself, but 
must be externally regulated to maintain the proper relation 
between temperature, pressure, and volume, as Diesel himself 
says. In the Diesel engine as at present constructed no such 
control is attempted, and it is hence difficult to see how isothermal 
combustion can be realized. Giildner, from indicator diagrams 
published by Schréter in 1897, accordingly found upon analysis 
that there was a decided temperature increase along the combustion 
line. The air was compressed to 600 degrees Centigrade (1132 degrees 
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Fahrenheit). At the full cut-off this had increased to about 1500 de- 
grees Centigrade (2732 degrees Fahrenheit), and due to after-burn- 
ing the maximum temperature was about 150 degrees Centigrade 
(270 degrees Fahrenheit) higher than this. The mean temperature 
of the four strokes was about 500 degrees Centigrade (932 degrees 
Fahrenheit). This in spite of the fact that the combustion line 
looked isothermal. In this case the maximum temperature was 
24 times that at the end of compression. The temperatures thus 
realized are higher than those found in engines using constant- 
volume combustion, in spite of claims to the contrary. 


Fie. 4-17. 

Fig. 4-17, from a German Diesel engine of late date, shows that 
the combustion is much nearer that at constant pressure than 
anything else. This is a step in the right direction, as it can be 
shown that isothermal combustion is the least favorable to best 
efficiency. (See previous chapter. ) 


Fie. 4-18. 

Fig. 4-18 shows a diagram published by the American Diesel 
Engine Company as late as 1904 or 1905. In the literature accom- 
panying the diagram, the claim of isothermal combustion is still 
made. The combustion line certainly has that appearance, but 
data is unfortunately lacking to analyze the diagram. In view 
of the fact that the control of combustion in this engine has not 
changed very materially since 1897, it is safe to assume that the 
combustion is not isothermal, and it is perhaps to the advantage 
of the engine that it is not. 


CHAPTER V 


THE TEMPERATURE-ENTROPY DIAGRAM APPLIED TO THE GAS 


ENGINE 


THE meaning of the term “Entropy” has already been ex- 
plained in a previous chapter. It was also shown there what 
shape various pressure-volume diagrams assume when trans- 
formed to a temperature-entropy basis. It is proposed to show 
here mathematically, and graphically if possible, how this trans- 
formation is made. 

Just as the p-v diagram, by areas developed, shows the amount 
of work done during various events of the cycle, the entropy 
diagram shows heat interchanges for the various parts of the 
eycle, and it is therefore a valuable aid in giving an insight into 
the thermal actions of the cylinder. Unfortunately the labor 
connected with the transposition of the p-v diagram of a gas 
engine to the entropy diagram is considerable, much greater 
than is the case for a steam-ergine diagram. The reason is that 
in steam we have a medium whose properties are definite and 
unchangeable, and which are at once known when a single criterion 
of the state of the vapor is given. It is possible also to construct 
entropy tables for them which facilitate the work of transposition 
very much. On the other hand, a p-v diagram for a gas engine 
represents factors which hold for that diagram and no other. 
Such are the composition of the charge, the specific heats of the 
mixture, the exponents of the compression and expansion lines, 
ete., and all are important for the accurate determination of the 
entropy diagram. It may be said that for every different load 
on a gas engine these factors differ, and they will even change 
with accidental variation in engine operation at the same load. 
Hence the construction of entropy tables for gas mixtures, while 
possible, would be of use only when the conditions of operation 
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happened to fit the conditions which were assumed in the com- 
putations of such tables. That would not often be the case. 
Even a closely mathematical transformation of the p-v to the 
entropy diagram is subject to errors, which make many authori- 
ties skeptical as to the real value of the diagram. These errors 
may be grouped under two heads: 

1. Errors due to transformation, that is, errors due to incor- 
rectly ‘measuring pressures and volumes from the p-v diagram, 
and mathematical errors of computation. All these may be kept 
below the required limit by sufficiently careful work. The orig- 
inal p-v diagram should be carefully enlarged and the measure- 
ments taken from this. The larger the scale, the better. 

2. Errors due to assuming specific heat constant with pres- 
sure and temperature. How far this assumption is justified will 
be shown in a later chapter. We know that there is a variation, 
but the law is not definitely known for composite gases, as CO,, 
and hence our assumption of constant specific heat results in a 
distorted entropy diagram. But this assumption is the best we 
can make with our present knowledge. 

It should be clear from the above that a strictly graphical, 
and therefore time-saving, method of constructing the entropy 
diagram is out of question. The greatest stumbling block to the 
general applicability of such a method is apparently the variation 
of the specific heat with variation in composition of the charge. 
One of the best graphical methods assumes that the value of 
CG ae is always equal to 2.45 for the perfect gases. This law, 

Cit) 
however, appears to hold only for such gases as H, O, N and CO, 





Cae 
whose a is close to 1.41. For gases like superheated steam, or 


Vv 

Cy 
Cy — 
at least should be fairly accurately computed even in using this 
graphical construction, the method for which will be explained 
later on. 

Another point that should be mentioned is the fact that but 
few gas engine trials are sufficiently elaborate to furnish enough 
data for the mathematical determination of the entropy diagram. 
The following data should be known; 


CO, the factor is considerably higher. Hence the value of 
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1. Composition and weight of fresh charge and burned gases. 

2. Heating value of the fuel and of the charge. 

3. Temperature at some point of the p-v diagram, preferably 
at end of suction stroke. 

4. Stroke and clearance volume. 

5. Index of the expansion and compression lines. 

In the following will be given first the mathematical basis for 
the entropy diagram; this will be followed by the actual con- 
struction of such a diagram, and finally it will be shown how the 
same diagram can be obtained in a way mainly graphical. 

The following mathematical exposition is due to Grover.* His 
demonstration of the general expression for entropy of a gas is 
especially clear. 

Let H = quantity of heat in thermal units added to or 
subtracted from a mass of gas. 

C,, = specific heat at constant volume. 
C,, = specific heat at constant pressure. 
T = absolute temperature. 
py = absolute pressure in pounds per square foot. 
v = volume in cubic feet. 
J = mechanical equivalent of heat. 


= 


o = entropy. 
It may be remembered from the statements in Chap. IT that 
- dH 
OP ar. (1) 


~ When heat is supplied to a mass of gas the volume, pressure, 
and temperature of the gas may vary simultaneously. Hence we 
may write the energy changes occurring under the conditions in 
the following general terms, following Grover: 
Additional internal | External effect, of | 
as 








Addition of heat | energy of the gas in- work done by the 
may produce ‘ volving rise of tem- { was expanding be- 

| perature and pres- tween its contain- 
sure. J ing walls. 





With the notation above given we may write this 


So = 0,8F + DV (2) 


* Grover, Modern Gas and Oil Engines. 
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but i = R= J(Cy— C2) (3) 
ns 

hence p= JS(C, — Coe (4) 


Substituting (4) for p in equation (2) 
dv 
=r a dv 


which is the general aut for entropy of a gas. 
Now heat may be added to or subtracted from a body of gas 
under three conditions: (a) at constant volume; (b) at constant 


pressure; or (c) pressure and volume may change at the same 
time. 


Case (a). Change of heat at constant volume. 
Under this condition 


bu 
(Cp = Cy) = 0 


(7) 
and we shall have from (6) oe 
8h = = Cun 
Case (b). Change of heat at constant pressure. 
From pv = RT 
and piv = RdT 
we may derive 
rp”? = = Rot 
or by_ar 
Dee (9) 
Substituting this value of £ in equation (6) we have 
ve 87 
op = = Cy T 


Case (c). Simultaneous tan of pressure and volume. 


(10) = 
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For this condition we may write 


pv* = 9,0, "= constant (11) 
From pv = RT, we have 
nT 
ae (12) 
Substituting (12) in (11) 
RTv"~* = constant (13) 
Differentiating (13) 
dT y*—* + T (n-1) v*—* 80 = O (14) 
éTy"-? = —T (n-1) v7 (15) 


Divide by v”~? 
bv 














(16) 
or BOP ee On 
vo T(n-1) (17) 
Substituting (17) in general equation (6) 
dH 87 oT 
eer re a eG (18) 
To simplify this, write 
Cp _ as 
i Yt Cp = yCr | (19) 
and substitute this value of C,, in (18) 
6H éT 67 
er eiprs ate Ten ii) 
a: Ay yCy= C, 
ver @ n—1 ) 
eel y-—1 
=Cor(1 nh i) 
olny 
=Con( = ) (20) 


Restating these results we have 
Volume Constant 


oT 
36 = Coe 


112 INTERNAL COMBUSTION ENGINES 


and entropy change is 
, =a, o,= Cs log 2 


I (21) 
Pressure Constant 
oT 
bf = Cy T 
and — ¥fi T, 


Change of volume and pressure, according to pv" = constant. 


cece) 


eT he 1 
and 
ee a ees 
$y» py ond Cy e Pe ") loge Pe (23) 


As already stated, it is not easy to obtain tests which give 
sufficient data to construct the entropy diagram. One of the 
most complete was a test by Brooks and Steward, made twenty- 
three years ago at Stevens Institute. The engine tested developed 
about 7 horse-power on illuminating gas. Although several of 
the operating conditions of this test, especially the low compres- 
sion pressure of 43.5 pounds, do not represent modern practice, 
the complete data furnished makes this test well adapted to the 
purpose in view. 


I. MareematicaL CONSTRUCTION OF THE ENTROPY DIAGRAM. 
All pressures and temperatures are absolute. 


1. Composition and weight of fresh charge and burned gases. 
(a) Composition of illuminating gas by volume. 


H CH, N C,H, CO O HO 
305." -.373- 30894 70662018 Ott ae ete 


From this we compute the weight of a standard cubic foot of 
gas at .03882 pounds. 
(b) Ratio of air to gas by volume = 6.63, from test. 
Ratio of air to gas by weight = 13.78, from test. 
(c) Volume and weight of the various gases per stroke. 
The figures are given in the report in metric units. They are 
transposed as follows: 
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For one charge stroke the engine takes the following volumes: 


1.40 liters of gas 1 ( 0494 cu. ft. of gas 


at 295° C. = at. 533° F. 
9.25 liters of air ) ( .3265 cu. ft. of air 
7.94 liters of burned gas at 683° C.= .2805 cu. ft. burned gas at 
1261°F. 
Now, — 
.0494 cu. ft. of gas at 533° F. = .0457 cu. ft. at 493° F. 
which weigh .00178 Ib. 
0265 cu. ft. of air at 533° F. = .3020 cu. ft. at 493° F. ; 
which weigh .02437 lb. 
.2805 cu. ft. burned gas at 1261° F. = .1091 cu. ft. at 
493° I’. which weigh .00862 Ib. 
Hence total weight of charge = .03477 lb. 
(d) Composition of exhaust gases. 


From above composition of illuminating gas the theoretical 
ratio of air to gas by volume is 5.93. Hence excess coefficient is 
6.63 
5.93 
The weights of the products of combustion, therefore, from 
1 pound of gas will be 
1.940 lb. CO, ye 
from gas burned. 


= 1.118 


1.740 Ib. H,O s 


.006 Ib. N originally in gas. 
9.490 Ib. N from air used for combustion. 
PIO lb AN 


trom excess air. 
.240 Ib. O 


From this the composition per cent by weight of the exhaust 
gases is 
CO, H,O N O 
13.18 11.82 72.70 2.30 


(e) C, and C, for the fresh charge and the exhaust gases are 
found by computation to be as follows: 
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Cp 
For fresh charge, C, = .265, C, = a iae irate = 1.39 
v 
For burned gases, C, = .268, C, = .196, e =y = 1.37 
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Fig. 5-1. 


2. Heating value of the fuel is found by computation to be 


617.5 B. T. U. per cubic foot. 
Heating value of the charge as computed for the weight of | 


gas in a charge is 29.06 B. T. U. 








56 60 6h 68 72 6 
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3. The absolute pressure at the end of the suction stroke, 
see diagram, Fig. 5-1, was 12.3 lb. Brooks and Stewart calcu- 
lated the absolute temperature for the same point at 739 degrees 
Fahrenheit. By using the equation 


PE Bis 

Ler 
temperatures were computed for various points around the cycle 
as indicated on the card. In Fig. 5-1 the full line shows the actual 
card, enlarged from the original of Brooks and Stewart, while the 
broken line indicates the ideal cycle which receives the same 
amount of heat. 





4. Stroke volume = .460 cu. ft. 
Clearance volume = .280 cu. ft. 
Total volume Eee CL nciemtirs 


5. Index for expansion and compression lines. 

The index of the ideal card is 1.39 for the compression and 
1.37 for the expansion line as computed under (1, e). For the 
real diagram it is often found that the index is not a constant for 
the entire line. For that reason each line should be divided into 
a number of parts and the index determined for each. 






a 


8 
a 


ee a 


a eet 


< 

g 
eS 

o 


Fig. 5-2. 


The method of doing this is as follows: To determine the 
index between any two points a and b on the expansion or com- 
pression line, Fig. 5-2, find the volumes and absolute pressures 
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for each point from the diagram. Then the exponent or index 
in the equation po” = constant is 


__ loge p — loge p 


ti 
7 log, vp — loge Va 
5 oD 


In the case of the diagram under discussion this method when 
applied to the expansion and compression lines gave the follow- 
ing results: 


Expansion line 


Part of line Index 
54.6 to 68.2 Ib. n = 1.433 
68.2 to 87.6 lb. = 1.384 
87.6 to 116.0 lb. = 1:23 

116.0 to 135.0 lb. = 1.149 
Compression line 

Part of line Index 

12.3 to-1831 n = 1.890 

18.1 to 23.0 = 1.390 

23.0 to 30.0 s= 1351 

31.0 to 43.5 = 1272 


We are now ready to make the entropy computations. Since 
entropy difference from point to point and not absolute value of 
entropy is the important thing, we may call the entropy at any 
convenient point in the cycle equal to zero. We therefore assume 
the entropy at the end of the suction stroke equal to 0, and we 
will call the entropy difference between any two points =¢, — 
o, = p. 

Ideal Card. (See temperatures in Fig. 5-1.) 

1. Compression line is adiabatic, hence entropy = 0 also at 
the end of this line. 

2. Combustion line. 

9 
b = $245 —F so.6 = -196 log. = == 6166 

3. Expansion line is adiabatic, hence entropy is not changed 

and = .3166 at end of this line. 
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4. Discharge line. 
739 
= ne ® ae 0G log 
$= bys — Pers g 3716 3166 

This locates the end points of the combustion and discharge 
lines in the entropy diagram. But these lines are curves and 
hence several intermediate points on each line should be deter- 
mined by similar computations. The diagram obtained by 
plotting temperatures and volumes of entropy above computed 
is shown in broken line in Fig. 5-3. 
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Actual Card. For the actual card we proceed in an exactly 
similar manner, using equations (21), (22), or (23) as the case 
demands. The computations are given below in detail. No 
further explanation seems necessary, except perhaps for the case 
where both pressure and volume change but the index of the 
curve is not known. Then none of the equations given directly 
apply. 

Take the case of the diagram, Fig. 5-4. To determine the 
entropy at point a, find entropy at point b, using equation (21), 
and then add the entropy from b toa as computed from equation 
(22). Similarly for the point c on the exhaust line. Prolong 
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the expansion line and determine the entropy at d by equation 
(23) (index n must be known). Then subtract from this the 
entropy change due to the drop in temperature from d to c, ac- 
cording to equation (21). 





The following are the computations in detail: 














Entropy 
at Total Entropy 
Press. Temp. 
absolute 
12.3. 739 assumed = 0 0 
18.1 817 adiabatic = 0 0 
23.0 867 adiabatic = 0 0 
1.351 — 1.390, 926 
30.0 926 =.191 eae loge 367 =— .0014 —.0014 
1.272 — 1.890 1005 
43.5 1005 = .191 aa loge-o56 =— .0066 — .0080 
60.0 1365 = .196 loge 4883 — .268 loge $38$ =+ .0591 +.0511 
80.0 1816 = .196 loge 4848 = + .0559 +.1070 
120.0 2740 = .196 loge 337% + .268 loge $433 = + -0807 +- 1877 
140.0 3235 = .196 loge 489 + .268 loge $78§ =+.1140 (above 80 Ibs.) + .2210 
151.3 3615 = .196 loge $442 + .268 loge $§4§ =+ -1376 (above 80 Ibs.) + .2446 
135.0 3560 = .196 loge $889 + .268 loge $§8$ =+ 1425 (above 80 lbs.) + .2495 
4,149 — 1.370, 3520 
116.0 3520 = 196-775 — loge 3569 =+.0029 + .2524 
1.281 = 1.370 3290 
1.384 — 1.370 3070 
68.2 3070 = 196 aie loge s599 =~ .0005 + .2552 





- 


THE TEMPERATURE-ENTROPY DIAGRAM 119 


1.433 — 1.370 2860 


























54.6 2860 = 196-995 — 157 Jog, = ——.0019 4.2533 
49.7 2750 = 1962493 180 300 fog 2 =— .0007 +2526 
47.0 2640 = 196+ 818 16, ee 196 loges 1 = — .0053, +.2463 
34.5 2010 = 196*+493 —* ee a ote +.1960 
20.5 1230 = ee aa ey, =~ 1550, +.0976 
12.3 739 — .196 loge 733 =—.0978 —.0002 


Having thus worked around the cycle, the error seems to be 
very slight in view of the fact that the exponent, n, for the pro- 
longed expansion line has been assumed = 1.483. 

Plotting these values of entropy and temperature finally re- 
sults in the diagram shown in full line in Fig. 5-8. 


INTERPRETATION OF THE EXnTRopy DiacraM, Fic. 5-3. 


In order to evaluate the diagram it is necessary to know the 
number of heat units per square inch. This is most easily ob- 
tained by multiplying one inch of temperature scale by one inch 
of entropy scale, and then multiplying the result by the charge 
weight per cycle, since the entropy diagram is drawn for 1 pound 
of charge weight. In this case we have: 


Value of 1 square inch in BvT. U. = 800 x .04 X.03477 = 1.113. 


The individual areas of the original diagram were next gone 
over with a planimeter, and after multiplymg each area by the . 
square inch equivalent, the results were as follows: 


% of 
BT Ue Total bent 








1. Heat received during explosion, areaaA Bba........ 18.086 62.24 
2. Heat received during expansion, areabBCDd....... 1.002 3.44 
3. Total heat received, as shown by diagram............. 19.088 65.68 
4. Total heat supplied as calculated (see footnote) -...... 29.316 - 
5. Difference in heat loss to Jacket and Radiation = area 

LODE TSN T MLE Te arora Veo co din sSee os Se cee tele e 10.228 34.89 
6. Heat loss to exhaust, areagG Ddg..............006- 13.422 45.78 
7. Heat loss during compression, areeaaAGga ........ 230 79 
See hotaljheatiostepen Gyclenyon. sess sc sias eeu cpsr ms © 6s 23.883 81.46 
9) Indicated work, ares, A BIC DiGUAR oi oo. we cienn ee 5.431 18.54 








29.314 100 00 
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The above results do not agree with those of Brooks and 
Stewart for the same test. Their results are given in the follow- 


ing table: 
Heat in indicated work ..........- 17.0 per cent. 
Heat logs.in’ Not Bases <oo.eese- | poe 15.5 per cent. 
Heatsloss in water jacket .......... 52.0 per cent. 
Heat Idee ieradiation tgs. 1p -cae 15.5 per cent. 


"TOtals feces caer leet ee eae 100.0 per cent. 


The agreement as regards indicated work is fair. The rest 
of the figures of Brooks and Stewart are abnormal, in that the 
radiation loss is as large as the exhaust loss, and in that the 
jacket water loss is much too large. Brooks and Stewart them- 
selves admit that the jacket water loss was not accurately deter- 
mined. For that reason, too, the radiation loss cannot be found 
separately in the entropy analysis above given. If the jacket 
water loss had been accurately found, item 5 in the above analysis 
could have been separated into jacket water and radiation loss. 

Norr. — This quantity is greater than the latent heat energy in the gas 


— 29.06 B. T. U. per cycle, by the heat equivalent of the area A X ga = 
256'B. 1. U. 


TI. GrapHicAL CONSTRUCTION OF THE ENTROPY DIAGRAM 

The graphical method to be described-is due to Prof. H. T. 
Eddy, and is by him explained in the Transactions of the Ameri- 
can Society of Mechanical Engineers, Vol. 21, p. 275. It is based 
upon the following considerations: 

Equation (6), p. 110, after integration may be written: 


Entropy difference ¢=¢,—$,= Cy log. nit (C,—Cy) logey, (24) 
2 2 
Dividing equation (24) by (C, — C,) we have 
Ne ee iT ae 
Goats Go ee 22) 


The problem then resolves itself into finding graphical represen- 
tation for the quantities 
CS Ve 
C,—-Cy ae 
The construction divided itself into two main parts: 
1. The change of the pressure-volume diagram into a tempera- 
ture-volume diagram, and 


log. 7 and log, 


/ 
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2. The change of the temperature-volume diagram so ob- 
tained into a temperature-entropy diagram. 


*. 
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1. In Fig. 5-5 the actual and ideal p-v diagrams of Fig. 5-1 
have been reproduced. Choose any convenient volume ordinate, 
in this case V = .38 cu. ft. has been taken, and from the points of 
intersection of the various pressure levels with this ordinate 
draw straight lines through the origin. These straight lines are 
constant-pressure lines in a temperature-volume field. Thus the 
line A B in this case is the 60 pounds constant-pressure line. To 
see the reason for this consider the general equation 


pv 
pok 
This may be written 
Teme Llp 
Pop Ty R 


But _ is the tangent of any given angle, B A C, and hence §, is 
v 


constant for any point along AB. The same holds for any 
straight line drawn through any other pressure level. 

Next, to construct the temperature-volume diagram, con- 
sider any pressure level as E F = 100 lb. ‘This cuts the real 
diagram in the points a and b. \ At a and 6 erect perpendiculars 
until they intersect the constant-pressure line = 100 Ib. in the 
points a’ and b’. These will be two points in the temperature- 
volume diagram. In the same manner the entire diagram may 
be outlined. The temperature scale, which up to this point has 
been arbitrary, may next be determined. We know that G, the 
lowest point on the temperature diagram, must represent the 
temperature in the cycle at the end of the suction stroke = 
739 degrees Fahrenheit. This at once determines the tempera- 
ture scale. 

2. To obtain the graphical representation of the expression 


V : 3 ; 
log, — choose any convenient horizontal line as the zero. In 


a 

this case the line A C has been taken. With A as a center and 
any radius AX, draw the are XY to cut any convenient line, as 
A B, passing through the origin. From Y draw the perpendicu- 
lar YX’. Again with A as a center and AX’ as radius, draw the 
are X’Y’ to intersect with A B, and draw the perpendicular Y’ 
X”. Where these perpendicular lines YX, and Y,X” cut any 
successive pair of equidistant horizontal rulings will be found two 
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points on the required curve. The horizontal rulings chosen in 
this case are marked serially on the ordinate V = .22 cu. ft. 
Thus m and n are two poirfts on the curve MN sought. It is 
evident that the intersections of perpendiculars YX’ and Y’X”’ 
with any other two successive horizontal rulings might have been 
chosen as two points on the curve. This would have resulted 
merely in moving the curve bodily up or down on the field, the 
shape would have been exactly the same. For the same reason 
it is immaterial whether the line A C or any other horizontal line 
is used as the base of construction. The resulting curve is in 
any case asymptotic to the vertical line V = O. Choosing any 
other set of equidistant horizontal rulings, nearer together or 
further apart, has the effect of making the curve rise slower or 
faster as the case may be. As will be seen later by inspection, 
this merely changes the position of the entropy diagram in the 
coordinate field but does not affect the final result. 

To prove that the ordinates of the curve MN represent the 


values of log i Professor Eddy proceeds as follows: 


2 
Let the volume AX = V7 ax = V,, AX = Vy, AX =/, 
It can be shown by plane Secmnotiey that, with the enatruchion 


used, 
pape constant. 
We ee HV 7 eV Ae bah LV 2 Va 
Hence 
LENS pe Sak EF nh ZV, = V,, 


Now let Z = & in which e = Naperian base = 2.7 +, and y = 
distance between the equidistant horizontal rulings above as- 
sumed. 


Then 
= v e2) = 7 ey = 


and taking the logarithm of Bote sides of the last term, we have 
ny =the ordinate at any given volume V,, = log, via It is 


evident that V,, the unit of comparison, may be arbitrarily chosen. 
The next step is to obtain the graphical representation of the 





expression log, as poets the part log, = by itself, 
2 


Cy 
C= Ob 


\ 


124 INTERNAL COMBUSTION ENGINES 


it is evident that the curve representing this may be constructed 
in the same manner as curve MN. But the coordinates are in 
this case the line of zero temperatures, A C, and any arbitrarily 
chosen vertical line, in this case, V = .74. The curve must be ~ 
asymptotic to A C, but the choice of the other line of reference 
is unrestricted as it merely moves the curve bodily to the left or 
right. In this case equidistant vertical rulings having the same 
common distance as those used for curve M N have been em- 
ployed, hence curve O P is a duplicate of M N. 

The ordinates of this curve O P must next be multiplied by 
Cp—Cy 
struction graphical throughout, assumes that the value of this 
factor is 2.45 in all cases. The limits of accuracy regarding this 
assumption have already been pointed out. It is probably not 
sufficiently accurate for most cases, and hence a separate compu- 
tation of this factor is necessary for every given case. This de- 
stroys a great deal of the value of the entire method, but enough 
is left to make the method much less laborious than the mathe- 
matical construction. 

In the case under discussion, for the burned gases, 


Gy -196 
Co2 Ga O72 
The ordinates of the curve O P are therefore multiplied by 2.72, 
giving the curve marked FS. 

By the aid of the curves MN and RS, the entropy diagram 
may now be constructed in the following manner: 

Take any temperature level as 7’ U. This cuts the tempera- 
ture-volume diagram of the real cycle in the points ¢ and d, and 
the curve RS ine. With a pair of dividers determine the ordi- 


the factor 





Professor Eddy, in order to make the con- 


C, = 196, and C, = .268; hence 2.72 


nate g h of the curve M N, (108, ) corresponding to the volume 


of point c, and since this ordinate is positive, add it to the ordi- 
(Ore . . 

nate fe te a log, as of the curve & S. This gives the point 
“p— Uy 2 

e’ as one point of the entropy-temperature diagram. In the 
same manner, for the second point of intersection, d, of the tem- 
perature level 7 U, determine the ordinate g’ h’, corresponding 
to its volume, and add it to the ordinate fe of the curve R S. This 
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gives e” as a second point on the entropy diagram. By taking a 
sufficient number of temperature levels, the entire diagram may 
be closely outlined, as shown by the full line. 

The same thing has been done for the ideal temperature- 
volume diagram, giving the ideal entropy diagram indicated in 
broken line. 

The last step in the construction is the determination of the 
entropy scale, if this is desired. Determine by planimeter the 
area under the combustion line of the ideal diagram down to 
the line T = 0. In the original diagram this was found to be 
28.32 square inches. Since the heat applied the cycle was 29.06 


B. T. U., the thermal value of each square inch of area = cer = 
1.026 B. T. U. Each inch of ordinate was equal to 614 degrees, 


9» 
a = .00167 for the charge 





hence the entropy scale per inch is 


weight of .03477 pounds. This is equivalent to an entropy scale 
of .048 per inch for one pound of charge weight. 

The following table shows how closely the entropy diagrams 
obtained by the two methods outlined agree: 


Math. Method Graph. Method 
Max. Entropy of Ideal Cycle .... 3166 3158 
Max. Entropy of Real Cycle..... 2057 2572 


The agreement may be pronounced quite satisfactory. It is 
quite likely, however, that the lower part of the graphical entropy 
diagram will show discrepancies. These are in great part due to 
the fact that toward the lower end of the curve #S, the inter- 
sections with the horizontal temperature levels become less defi- 
nite, impairing the accuracy. Another source of error may lie 
in the fact that the compression line has been constructed from 
the curve RS, which was itself constructed from burned gas 
data, while evidently the data of the fresh charge should have 


been used. 


CHAPTER VI 
COMBUSTION 


1. The Perfect Gases. — The perfect gases are those which 
follow the general law: 


pak (1) 
oe 
where 
p = pressure expressed in pounds per square foot. 


v = volume in cubic feet. 

T = absolute temperature. 

R is the amount of work done by 1 pound of gas when heated 
1 degree Fahrenheit, the pressure remaining constant at p 
pounds per square foot. & is thus a constant for any one gas, 
but differs for different gases. 

The data for the gases of most use in gas-engine practice are 
those of atomic and molecular weight, density and weight per 
cubic foot. The following table gives these figures for some of 
the more important gases: 




















Weight per 
Atomic Molecular Molecular Density cu. ft. at 

Gas Weight Formula Weight Air=1 29.92” Hg 
and 32°F 
Hydrogen ..-.°... ik Hh, 2 .0692 .00559 
OXY generic. oem te 16 O, 32 1.106 08921 
Nitro sen ene cer-enr: 14 No 28 971 .O7831 
Carbon Monoxide .| 14 CO 28 .967 .07807 
Carbon Dioxide ...| 14.6 CO, 44 1.529 12267 
Dryas citer ore cach: os — 29* 1.00 .08072 
Water vapor ..... 6 H,0 18 .623 .05020 
ACE tY LENS mera Kort: 6.5 C,H, 26 915 .07251 
Methane ras. aeiaceicn 3.2 CH, 16 .554 .04464 
Hthylene ..-)4- 5.6. 4.7 C,H, 28 .974 .07809 
Benzol Saeceranese 5275 CoH, 78 2.695 .21758 
Alcohcleees seer 6.50 C,H,O 46 1.601 . 12958 








*Only apparent value. 











The weight of a cubic foot of any of the above gases under 
standard conditions may be found with sufficient accuracy by 
126 
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dividing the molecular weight of the gas by the constant 359.* 
The weight of a cubic foot of CO, under standard conditions, for 
44 
359 ~ 0.1225 pounds, as computed by slide rule. 
This is sufficiently accurate for all practical purposes. 

To find the weight of a cubic foot of gas under other than 
standard conditions, the formula 


instance, is 


Poo _ P11 

cats a 
may be employed for a change of either pressure and tempera- 
ture separately or a simultaneous change of both. The weight of 
a cubic foot is inversely proportional to the volume. 

2. Combining Weights and Volumes, Combustion, Heating 
Value, Air Required. 

CoMBINING WEIGHTS AND Vo LumEs. — All elements, when 
they do combine, unite only in certain fixed proportions, although 
there may be several proportions for any given pair of elements. 
Thus carbon forms two combinations with oxygen, CO and CO,. 

The gases also combine in definite volume proportions. The 
resulting volume is either the sum of the original volumes or is 
in a definite ratio less than this sum. It is necessary to remember 
merely that anything that can be said of molecules according to 
Avogadro’s Law, applies with equal force to combining volumes. 

Thus take the combination of C and O to CO. Always re- 
membering to use the combining weights of the various elements 


we can write as) = 200 

that is 1 vol. C + 1 vol. O = 2 vols. CO. 
Similarly, 2H, + O, = 2H,0. 

that is, 2 vols. H + 1 vol. O = 2 vols. H,O 
and again C, + 4H, = 2 CH, 

or 1 vol. C + 4 vols. H = 2 vols. CH,. 


The elements mostly concerned in combustion phenomena 
are carbon and hydrogen, together with the compounds carbon 
monoxide and the various hydro-carbons. The following table 


* Derived, in connection with Avogadro’s Law, from the fact that the 
kilogramme-volume of perfect gases is equal to 22.33 cubic meters under 
standard conditions. 
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shows the combustion formula, also oxygen and air required, for 


the first three of these combustibles: 
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If the combustible be a hydrocarbon, the combustion of the 
carbon and the hydrogen in its composition can be treated sepa- 
rately and the results combined. Thus 1 Ib. of CH, may be con- 
sidered to consist of ? lb. of C and } Ib. of H. 

Heatine Vatun. — Every chemical change is accompanied 
by a thermal change, either positive or negative, 7.e., either heat 
is given out or it is absorbed during the change. In the case 
of the combustibles, the union with oxygen is accompanied by a 
very decided development of heat. The heat given off when one 
pound of any combustible is completely burned is known as its 
heating value, or calorific power. It is to be noted that the heat- 
ing value of any combustible is constant, whether the combustible 








Fig. 6-1.— Mahler Bomb Calorimeter. 


is burned in oxygen, theoretical amount of air, or an excess of 
air. The resulting temperature, the calorific intensity so called, 
is, however, different for each of these cases, as will be explained 
later. 

The heating values of the simple combustibles like hydrogen 
and carbon can only be determined by means of the calorimeter; 
that of a complex fuel, like hydrocarbons, the various coals, 
etc., can be found either by the calorimeter or it may be com- 
puted with fair accuracy from its chemical composition. 

For solid and liquid fuels the calorimeters used are mostly 
of the type of the Mahler bomb, or the Carpenter calorimeter; 
for gaseous fuels Junker’s gas calorimeter holds the first place. 
The principle of any of these calorimeters is to transmit the heat 
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evolved by burning the fuel in oxygen or air to water, and from 
the temperature rise of the water to compute the heating value. 

The Mahler Bomb Calorimeter, Fig. 6-1, is a strong steel or 
bronze vessel into which the finely powdered fuel is introduced, 
held in a small cup or crucible. Through the cover of this vessel 
or bomb two wires pass which at their lower ends are cross-con- 
nected by a fine iron wire which in turn dips into the powdered 
fuel. The bomb is charged with oxygen to a pressure of about 
150 pounds. The oxygen can now be obtained commercially 
prepared in steel tubes, under pressure. The charged bomb 
is then placed in a vessel containing a known quantity of 
water; the two wires above mentioned are connected to a source 
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Fia. 6-2. — Carpenter Coal Calorimeter. 


of electrical energy, P, which fuses the iron wire connecting their 
ends and fires the fuel. The water is kept thoroughly stirred 
by means of the apparatus L K S, and the temperature rise is 
carefully determined. The whole apparatus is carefully pro- 
tected against radiation by an outer vessel, A. From the ob- 
served temperature rise, the weight of water, and such corrections 
as are necessary for radiation, heat of fusion of wire, ete., the 
heating value of the sample is easily computed. The drawbacks 
of the instrument are the labor of charging, and the fact that if 
' the wire fails to ignite the coal all labor of weighing and charging 
is lost. The joint at the top, which must be tight against con- - 
siderable pressure, often also gives trouble. The Mahler is 
applicable to both solid and liquid fuels. 
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The Carpenter calorimeter, Fig. 6-2, is of a different type. 
The fuel is powdered and held in the cup, 22, just as in the Mahler, 
The coal, however, is fired by the heat of a platinum wire, 15, 
which does not fuse, and is extinguished on the instant the coal 
fires. No correction is therefore necessary for the heat of the 
wire. The combustion chamber, 33, is kept charged with a 
steady stream of oxygen under a pressure not exceeding one-half 
pound. The hot gases of combustion pass up and down the 
spiral tube, 28, and finally escape at 41, practically at the tem- 





CRO Wn 


Fig. 6-3.— Junker’s Gas Calorimeter. 


perature of the surrounding air, the nozzle at 41 regulating the 
outflow velocity to produce this result. The calorimeter is 
completely filled to some height on the glass tube, 10, with 
Kerosene oil so that the gases in their passage heat the fluid, ex- 
panding it up the tube 10. The amount of expansion gives a 
relative measure of the heating value of the fuel. It is only neces- 
sary to calibrate the instrument, 7.e., to obtain the amount of 
heat required to expand the fluid up the tube say 1 inch. This 
is quickly and accurately done by using carbon obtained by 
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burning and coking sugar. The calorimeter is subject to one 
correction only, that for radiation. It is encased in a bright 
nickel case to reduce radiation as far as possible, but this can 
not be entirely done away with. The correction is made by 
determining the distance the water level in the tube will fall, after 
the fuel sample is burned out, for the same length of time that 
the fuel burned. Care must be taken to have the temperature 
of the calorimeter slightly above the temperature of the room to 
start with, and if the temperature of the room has not changed 
during the time of burning and that of the determination for 
radiation, the fall in the water level is a true measure of the heat 
loss due to radiation. 

For gas fuels, Junker’s calorimeter, Fig. 6-3, is usually preferred. 
The gas to be tested is led first through the gas meter where its 
volume and temperature are determined, and second through the 
regulator g, which maintains any desired gas pressure during the 
determination. It is burned in air, with a burner of the Bunsen 
type. The heat evolved is transmitted to water, entering through 
the vessel b, and discharged through the vessel c, the gases 
escaping at or near the room temperature at K. The vessel b 
maintains a constant head of water on the calorimeter. The 
amount of water flowing is regulated at e. The water is measured 
in the graduate h. The water of condensation formed during the 
combustion is caught and measured at d. Temperatures of cold 
and hot water are measured at ¢ and ?¢’ respectively. The appa- 
ratus is very simple, easily set up in any desired place, and the 
results obtained by its use are consistent and reliable. Its opera- 
tion may be made continuous by furnishing suitable means for 
measuring the water flowing. 

The heating value of carbon when burned to CO, is now 
definitely determined as 14647 B. T. U. per pound (8080 calories 
per kilo), that of carbon to CO at 4429 B.T. U. In actual prac- 
tice the figures 14500 B. T. U. for C to CO,, and 4500 B. T. U. 
for C to CO are easier to remember and accurate enough for most 
purposes. The combustion of C to CO is usually known as the 
incomplete combustion of carbon. The heating value of the 
combustion of CO to CO, has been found to be 43880 B. T. U. 

Hydrogen gives for the higher heating value 62100 B. T. U., 
and for the lower value 52230 B.T.U. Hydrogen may burn 
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either to water vapor, or, if condensation occurs, to water. In the 
former case the heat necessary to maintain the water as vapor 
is lost, and hence we obtain the lower heating value 52230 
B. T. U., the temperature being 212 degrees Fahrenheit before 
and after combustion. If condensation occurs, the heat in the 
water vapor is recovered and the higher value 62100 B. T. U. 
results. 

In gas-engine practice the water resulting from the combus- 
tion of hydrogen almost always escapes as water vapor, and hence 
it is usual to employ the lower heating value in computations. 

For the same reason we distinguish a lower and higher heating 
value in all complex fuels containing hydrogen to any consider- 
able extent, and always use the lower value in compu- 
tations. 

If no direct determination of the heating value of a complex 
fuel can be made by means of a calorimeter, the heating value 
can in most cases be found with fair accuracy by computation, 
provided the chemical analysis of the fuel is known. 

In the case of hydrocarbons the statement of its chemical 
formula gives at the same time the weight proportions of its 
chemical composition. The computation of the heating values 
of the hydrocarbon groups C,H, and C,,H,, may be based upon 
the following considerations: 

C,H, contains n atoms of C and n atoms of H. Hence the 
gram-molecule weighs 12n 4 n = 13ngrams. Now 1 gram of C 
develops 32.29 B. T. U., and 1 gram of 1115.15 Bet. U: lower 
heating value. The heating value of C,H, is therefore 


ize ere tS “ ee) ™ — 38.67 B. T. U. per gram 
This reduces to: 

Lower heating value of C,H,, = 17540 B. T. U. per lb. 

C,H,,, contains n atoms of © and 2n atoms of H, one gram- 
molecule therefore weighs 14n grams. The lower heating value 
of this family of hydrocarbons is therefore generally 


(12 X Se Oe 115.15) 2n _ AAC, BEIT? Unepar ora 
n 
= 20016 B. T. U. per lb. 
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It should be remembered, however, that these formule give 
approximate results only. 

Slaby, quoted by Gildner,* in his Calorimetric Investigations, 
gives a formula based upon experience for heavy hydrocarbons, 
according to which: 

Lower heating value = 1000 + 10500 y calories per cubic 
meter, where y = weight of a cubic meter of the gas in K gs. 

In English units this formula would be: 


Lower heating value = 
[112 + 18880 y] B.T. U. per cubic foot, (3) 


the cubic foot being under standard conditions, 29.92 inches Hg 
barometer and 32 degrees Fahrenheit, and y = weight of a cubic 
foot. 

The following table of heating value of hydrocarbons is taken 
from Giuldner, the figures being transposed to English units. 
The last two columns show for purposes of comparison the values 
as computed by Slaby’s formula and the approximate formule 
first given: 


HEatinc VALUES OF HyDROCARBONS 

















. Lower 
Weight of : Higher eee — vane Heaton Valeo 
mite | sient | Value | cern Weare gt et ane 
Saas Bethy [BU (BIT. U. formula | Bp ety 
CH, ..| .04464 . 554 23842 | 21385 952 952 
CoEpeeal aO7254 915 21429 | 20673 | 1499 | 1479 1272 
C,H, ..| .07809 .974 21429 | 20025 | 1564 | 1584 1562 
C,H, ..| .08329 | 1.0367 | 22899 | 20434 | 1700 | 1682 
C,H, ..| .11157 | 1.3819 | 20992 | 20009 | 2232 | 2238 
C3H,..| 11699 | 1.4512 | 21224 | 19820 | 2317 | 2318 2341 
Choe. 12256 | 1.5204 | 21825 | 20039 | 2455 | 2424 
C,H, --| 15599 | 1.9349 | 20912 | 19508 | 3032 | 3055 3120 

















In the case of the liquid hydrocarbons, the crude oils and 
their distillates, it is usual to compute their heating value directly 
from the chemical composition. Thus the lower heating value 


j Si Gildner, Entwerfen und Berechnen der Verbrennungsmotoren, 2d ed., 
Pp. ° 
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of a Pennsylvania crude oil containing C 84.9 per cent, H 13.7 
per cent, O 1.04 per cent, would be 


= 14500 © + 52230 (H- 3) S 
=[14500 x .849] + 52230 (.187- oe) 

= 12310 eee 

—19412 B. T. U. 


The determination of the heating value of this oil by means of 
the calorimeter gave 19210 B. T. U., a difference of 1.05 per cent 
between this and the computed value. 

In many instances, however, the agreement is not as close, 
and it should therefore be made a general rule to obtain actual 
calorimeter determinations whenever possible, and to resort to 
computation only when unavoidable. 

Solid fuels, as coal, coke, wood, etce., may be treated in a 
similar manner. For hard coals the computation gives results 
which agree fairly closely with calorimeter determinations. As 
the amount of volatile matter in the coal increases, 7.e., as the 
hydrocarbons increase, there is less certainty of fair agreement, 
although the computed result is usually within 5 per cent of the 
true value. The general formula for a solid fuel may be stated 
as follows: 


Heating value = f 


14500 C + 52230 | He 5 | + 4000S — 1000 H,O (5) 
where 
C = percentage of fixed and volatile carbon. 
= percentage of hydrogen. 
= percentage of oxygen. 
S = percentage of sulphur. 

H,O = percentage of water in coal as received, C, H and § 
being determined on the dry fuel, and then recomputed to the 
basis of fuel as received. 

The following table shows the analyses of two coals and the 
heating values as found by calorimeter and by above formula. 
Both analyses are taken from Poole’s “The Calorific Power of 


Fuels:” 


Om 
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7 Heating Value 
s receive 
Name Kind C i O N S |H.2O} Ash 8 
By Cal. |Computed 





'90.66 1. 73| .78, .001 
77.20)5.10\7.22 1.68 


1.42 


Anthracite 
Bituminous 


Treverton. - 
Carnegie - - - 


84/6. 83, 14029 | 13988 
1.455.983, 13842 | 13367 




















It will be noted that the agreement in the results for 
the hard coal is good, in the case of the soft coal the 
computed result is 3.5 per cent smaller than that determined 
by calorimeter. 

Attempts have been made from time to time to adapt formule 
to the approximate analyses of coal, 7.e., those in which only 
fixed carbon, volatile matter, water and ash are determined. All 
these attempts have not given satisfactory results owing to the 
varied composition of the volatile matter in various coals. 

Arr REQuIRED FOR COMBUSTION AND THE PRopucTs OF Com- 
Bustion. — As already pointed out, the combustion of 1 lb. of 
C to CO, requires — 2.66 Ib. O, and that of 1 lb. of H to 

eno 
H,0 requires 9 — 
pound only .23 Ib. of ri: ns air required for the two cases 


will be = = 11.57 lb. and — = 34.78 lb._respectively. 


= S8lb.O. Since air contains in each 


The products of ona are, in the ease of carbon, 3.66 
pounds of CO, and, in the case of hydrogen, 9 pounds of 
H,O, if the theoretical amount of oxygen has been used in 
each case. 

With the aid of these fundamental figures, the air required 
and the resulting products of combustion may be computed for 
any given fuel, solid, liquid or gaseous, if the composition of the 
fuel is known. 

In general, any fuel which contains per pound say C Ib. car- 
bon, H lb. hydrogen and O |b. oxygen, requires 
2.66 C + 8H 

23 

In gas-engine practice, however, the case of gas fuels is of 


much more importance, and for this we ean derive the following 
general formule: 


pounds of air for its complete combustion. 
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(a) For One Pounp or Gas. — Let the gas consist of 
N, lb. CO + N, Ib. H + N, lb. CH, + N, lb. C, H, +N, lb. C,H, 
+N, lb. O +N, lb. N +N, lb. CO, + N, lb. H,O =1 
pound. 


Air theoretically required per pound of gas 


Products of combustion per pound of gas 

CO, = [1.57 N, + 2.74.N, + 3.14 N, + 3.38 N; + N,] pounds (7) 
and 

H,O = [9 N, + 2.25 N, + 1.29 N, + .69 N; + N,] pounds (8) 


Besides the above amounts of CO, and H,O, the products of com- 
bustion will also contain any excess oxygen that may have been 
used together with the nitrogen brought in by the oxygen. 

If the analysis of the exhaust gas shows free oxygen, the excess 
coefficient for the air used, provided the fuel gas itself carries 
no nitrogen, may be computed from the formula 


eee 
N— 3.760 


where N = per cent of nitrogen, O = per cent of free oxygen 
in the exhaust gas, by volfime and 3.76 is the volume ratio of 
N to O in air. This formula, together with the two given above 
for CO, and H,0, allow of a complete determination of the pro- 
ducts of combustion. 

In case the fuel gas itself carries N, the determination of 
the exess coefficient for the air used is not so simple and should 
be made according to the method outlined on p. 144. 


VW 


(b) For One Cusic Foor or Gas. — Assume that the gas 
has the following analysis: 


N, per cent by volume of CO 
N, per cent by volume of H, 
N, per cent by volume of CH, 
N, per cent by volume of C,H, 
N, per cent by volume of C,H, 
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N, per cent by volume of O, 
N, per cent by volume of N, 
N, per cent by volume of CO, 
N, per cent by volume of H,O 


Air required per cubic foot, theoretically, 


RPSL oN, + 3N, + 2.5 Ny — No 


= 9] cubic feet (9) 





Products of combustion per cubic foot of gas 
CO, = [N, + N, + 2N, + 2N,; + N,] cubic feet (10) 
H,O = [N, + 2N, + 2N, + N, + N,] cubic feet (11) 


Besides these amounts of CO, and H,O there will in most 
cases be additional amounts of free oxygen and of nitrogen. The 
volumes of these can be determined from the exhaust gas analysis 
as before. 

The table, page 139, gives the main constants for the principal 
gases met in gas engine practice. 

The constant, R, can be computed from 


R 2 
Fa Cr—Cy = 


where, 

J = the mechanical equivalent of heat = 778 
and 

m = molecular weight of the gas. 


SampLe Computation. — Given the following chemical analy- 
sis of a producer gas, p. 140, to determine its heating value, its 
ei and? Also these quantities 

Vv 
for various mixtures of this gas with air, and the amount of and 
the constants for the burned gases after combustion of these fuel 
mixtures. 


molecular weight m, C,, and C 
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According to equation (9), the theoretical amount of air re- 
quired by this gas per cubic foot 
2507 + .187: ‘ 
ca + (2% .0031) + (3% 0031) — .0003 


a1 





.2342 ; 
a 1.12 cubic feet. 





The following table gives in the first column the constants for 
the theoretical air-gas mixture. The second and third columns 
assume that an excess of air is used, in the first case equal to 
1.5—1.12=.38 cubic feet, in the last case equal to 2.0—1.12=.88 
cubic feet: ° 


Constants ror Various Mixtures or ABovE Dowson Gas 








with AIR 
Ratio air to gas: 
TV OUNOE Vig aero icine ee Arona ese 1.12 1.5 2 
_ By weight, VW ae oe ba ame ace 1.35 1.79 | 2.39 
Weight of standard cu. ft. of 0673 + 08072 V 
mixture, lbs. = Seni ee .0744| .0753| .0772 
Heating value of standard cu. ft. of mixture, 
146.9 
2. pay ent geen gs etre? aside? t? 69.4 58.8 49.0 
64 + 53.7 W Zs 
ee é 58. ST, 56. 
R Wel 58.2 6 56.9 
C _ 2887 + .238 W ,2595| .2560) .2529 
p W+i1 
ple, SOA + 1 11849} .1824)  .1800 
W+i 
Cr 1.403 | 1.404 | 1.405 
Cy 








The next table gives the corresponding constants for the 
burned gases resulting from the combustion of the fuel mixtures 
assumed above. 

The changes occurring during combustion cause a change in 


the values of FR, C,, C,, - 
with 1.12 cubic feet of air to 1 cubic foot of gas, the products of 
combustion will be according to equations (10) and (11). 


ete. For the theoretical case, 7.€., 
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CO, = (.2507 + .0031 + .0062 + .0657) = .3257 cubic feet. 
H,O = (.1873 + .0062 + .0062) = .1997 cubic feet. 
Since 1.12 cubic feet of air were used, there must also neces- 
sarily be nitrogen to the volume of 
[(1.12 X .79) + .4898] = 1.3746 cubic feet, 


4898 cubic feet being due to the nitrogen in the fuel gas 
itself. 


I 


The volumes of the exhaust gases in the second column of the 
table are found as follows. The volumes of CO, and of H,O 
are of course the same as before, since 1 cubic foot of gas is 
burned in every case. But since only 1.12 cubic feet of air are 
required and 1.5 cubic feet have been used, the excess air is 
1.5 — 1.12 = .38 cubic feet. This consists of .38 X .79 = .3002 
cubic feet of N and .0798 of O. Hence the excess O appearing 
will be .0798 cubic feet, while the N now is 1.8746 + .3002 
= 1.6748 cubic feet. 


CoNSTANTS FOR THE BURNED GASES 








IR) LO UO ETO? Ol 5 eomeusceoe on docu mEooder 1.12 1.5 2.0 
Vol. of exhaust gases, cu. ft.: COz............-4-. 32571 .3257| .3257 
ELaO site mn ence .1997| .1997| .1997 
OST aaetad a nes ieee .0000! .0798) .1848 
INVeiaye secrete ancien 1.3746) 1.6748] 2.0698 
Vol. of exhaust gases to 1 cu. ft. of Dowson gas, 
CAs Lier toni ea eaten sun street alesse rok esers Vy} 1.9000) 2.2800) 2.7800 
Vol. of mixture before 
(SOMMDUS TOMI ater a ekcrce nse aera ac ateaet oie aren Vaan 2.50 3.00 
RatIO Renters cs arascaetn nea ecaranac oer che ca en eee eed V.| .896| .912| .926 
a 
C7 COMPPACHTON periait oeeias aole s ah iru iee eet eee 10.4 8.8 Al 
V2 
2 FER Ip aa ted ce 5 ese kenartie’ sista ps Uae aE Sea oe ; 
a e v, Se OZ On a O27 
® 
et CB) Batetseree ttc SL Rnee es oreo eco ree .2478) .2462| .2446 
a Ss per pound 
n 
FA eo i ect a .1809| .1787) .1769 
20 
oO 
S| 
2 (& 
me CO, ins eae gaa ees 2°: ee O09 | Le3s79 1383 
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The values of C, and C,, in the foregoing table are found as 
follows. Consider the mixture with ratio = 1.5: 


























Burned Gas By Volume By Weight 
CO; mance .3200 .0399 
WO). f7 .1997 .0100 
Oxo need .0798 .0071 
fe aot 1.6748 1311 

2.2800 cu. ft. . 1881 pounds 
For CO, C, = :0899 X .20 = .0080 
H,0 C, = -0100 X 48 = .0048 
O Cy = .0071 x .217 = -0015 
N Cr = 1311 x .244 = .03820 
For  .1881 lbs. 3C,= .0463 
= ass = .2462 
.1881 
; R R 
Since a= C, = 7? Cs = j= ii 
6 aie 
778 
= 1ST 
and ©? = 1.379 


Ly 


Attention should be called to the fact that although consider- 
able contraction of volume occurs, in the case of this gas, during 
combustion, still the values of R, C, and C, are not greatly dif- 
ferent from the corresponding values before combustion. In 
some other gases, as illuminating gas for instance, the change is 
even less. So that in most ordinary cases it is sufficiently accurate 
to assume that these gas constants are the same before and after 
combustion. Only in cases where extreme accuracy is desired 
is this assumption not permissible. 

3. Computation of the amount of air used in excess of 
theoretical requirements from the exhaust gas analysis. 

In actual practice the exhaust gases are analyzed for CO,, O, 
and N. By the ordinary method of collecting these gases, the 
water vapor originally present is‘thrown down and does not appear 
in the analysis. As mentioned before, if the fuel gas itself carries 
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no nitrogen, the excess coefficient for the air actually used may 
be computed from the formula given on page 137. 

To show an example of the method of computation when the 
fuel gas carries N, we will take the case of the Dowson gas above 
given, and assume that the exhaust gas analysis gives the following 
results: CO, — 14.36%, O — 5.31%, and N — 80.33% by volume. 
We proceed as follows: 

Products of Combustion for theoretical ratio per cubic foot 
of gas, are: 

CO, .3257 cu. ft. 


TROT eOgTe & 
Op. UO0U sa. 
N .4898 “ duetogasitself| _ 
N .8848 ‘ due to air used = Lait entice, 
es 35.63% is due to gas. 
ofaige 64.37% is due to air. 


Total 1.9000 cu. ft. 


On the basis of the above exhaust gas analysis, we now have: 
Totes] aN actus See aaa rears eee RSet Nels tiaa Rooms 80.33 
Of this amount, N due to excess air will be 3.76 X 5.31. . =19.96 


Leaves N due to the gas itself and to air actually burned =60.37 
Of this remainder, as above shown, 35.63% is due to the 

FUEL OAS! cya eies 4 ad Cable ais See noe St) © 9 eee ae =21.49 
Leaves N due to the air actually burned.......-....+. =38.88 
Hence the excess coefficient 

_ 38.88 + 19.96 58.84 _ 

Ter BRE >. aoaenge 
and the real ratio of air to gas for the original fuel mixture was 
1.5°K bal2i= £68: 

4. Calorific Intensity. — By calorific intensity is meant the 
temperature that can be realized theoretically when a unit weight 
of any fuel is completely burned under stated conditions of oxy- 
gen or air supply. If H represents the heating value of the fuel 
in B. T. U., A, B, C, ete., the weights of the various resulting 
products of combustion, and Cy4, Cyp, Cyc ete.; the specific 
heat at constant pressure of these products, the general state- 
ment for calorific intensity, supposing the pressure to remain 
constant, is 


1.5 
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eam ee se op 
AC'p4 + BC sp Sie CC 5c = 

Thus the calorific intensity of hydrogen with theoretical air 
would be, the products of combustion being water vapor and 
nitrogen, 


Theoretical Temperature = 


52230 Re 
[9 X .48] + [26.8 « .244] 
That of C to CO, with theoretical air would similarly be 


14500 
[3.66 X .20] + [8.91 x .244] 


Such high temperatures, however, are practically never realized, 
due probably to two causes. On the one hand it is claimed that 
the specific heat of gases is not constant at all temperatures, but 
that it rises with the temperatures; on the other, dissociation is 
supposed to set in before such temperatures are reached. . These 
' matters will be taken up somewhat more in detail in a later 
chapter. 


= 4800°F. 


= 5000° F. 





CHAPTER VII 
GAS-ENGINE FUELS; THE SOLID FUELS; GAS PRODUCERS 


Tur general requirement for a gas-engine fuel is that it must 
mix readily with air to form a combustible gas or vapor. Further, 
it should burn with little or no residue. This latter requirement 
is not met by the solid fuels, as coal dust for instance, and while 
isolated attempts at using powdered coal directly have been 
made, they have so far not been successful, owing to the fact 
that the resulting ash soon seriously interferes with operation. 

The gas-engine fuels may be classed under three heads: 


1. The solid fuels. 
2. The liquid fuels. 
3. The gas fuels. 


Tt is the rule that the working medium in all internal com- 
bustion engines is either a combustible gas or a combustible 
vapor, no matter what the fuel may have been from which it was 
derived. This implies gasification of the solid, and vaporization 
of the liquid, fuels. 

As already pointed out above, the solid fuels cannot be em- 
ployed in their natural state. From coal we derive by distillation 
illuminating gas, and from coal and sometimes other materials, 
as wood, refuse, etc., by gasification, the various classes of pro- 
ducer or power gas. 

Illuminating gas will be further considered under the head of 
gas fuels. 

1. The Conversion of the Solid Fuels to Gas: Producer Gases. 
— Gasification of solid fuel differs from distillation in the fact 
that the process is carried one step further, 7.e., not only are 
the gases, if any, driven: off from the fuel, but the carbon 
itself is gasified, leaving behind nothing but ash. 

The fundamental principle of all producer-gas processes is 
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therefore, first, dry distillation of the fuel, and, second, the con- 
version of the solid carbon into a combustible gas, which can only 
be carbon monoxide. If the producer gas is found to contain 
other gases than those mentioned, it can only be due to changes 
in the process, unavoidable or otherwise. 

Producer practice may be carried on under the following 
heads: 

1. No steam or water introduced with the air, air gas. 

2. Producer blown up with air for one period, then blown 
with steam alone. Product during first stage is air gas, during 
the second, water gas. 

3. Producer furnished with air carrying a certain quantity 
of water vapor. Product is ordinary producer gas, Dowson gas, 
etc. 

The first of these is seldom employed on account of limita- 
‘tions pointed out below. The second and third introduce modi- 
fications into the simple air-gas process owing to the presence of 
water or steam. 

Atm Gas. — Considering the case of the gasification of carbon 
alone, resulting in the production of the so-called air gas, assume 
the combustion of C to CO complete; we then have 


1 lb. of C + 1.33 Ib. O = 2.33 Ib. CO 


If C had been burned completely to CO,, the calorific power 
would have been 14647 B. T. U.; burning only to CO, however, we 
obtain only 4429 B. T. U., so that the remainder or 10218 B. T. U. 
is carried out of the producer by the gas made, and thus repre- 
sents its heat energy. 4429 B.T. U. appears as sensible heat in 
the gas, and if the gas is cooled before entering the engine cylinder, 
as it usually is for good reasons, the greatest possible efficiency 
which can be realized from the gasification of 1 pound of carbon 

10218 


14647 
this is by no means the maximum possible producer efficiency. 


Water Gas. — When water vapor is led through or over 
incandescent carbon the following reactions take place: 

I. C,+4H,O = 2CO, + 4 H,. 

Hi. C, + 20,0 =2C0O +2H,. 





in this way is = 69.6 per cent. It will be shown below that 
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I oceurs at temperatures less than 1250 degrees Fahrenheit, 
while II alone occurs at temperatures exceeding 1800 degrees 
Fahrenheit; both may occur between these temperature limits, 
but the higher the temperature the greater the formation of CO. 
The maximum amount of CO is of course the end in view, and 
assuming that no CO, is formed, 7.e., temperature at or above 
1800 degrees Fahrenheit, we have the following quantitative 
statement: 


fb. C-4- 1-5 lb. HjO =.2.33 1b6O. 17 Ibe Be 


from which 1 pound of water gas must contain 


ae .932 lb. Carbon monoxide 
and 

Pee .068 lb. Hydrogen 

2.33 + .17 


The gasification of 1 pound of carbon, therefore, in the pres- 
ence of water vapor results in products which, on complete com- 
bustion, develop the following amount of heat: 


2.33 Ibs. CO X 4380 = 10205 B. T. U. 
17 lbs. H, X 62100 = 10557 B. T. U. 


Total, 20762 B. T. U. 
Heating value of C to CO,, 14647 B. T. U. 
Excess, 6115 Bal. U: 


The excess of 6115 B. T. U. can only be due to heat rendered 
latent during the process. Water vapor on coming in contact 
with incandescent carbon dissociates into H, and O. The latter 
unites with C to form CO,, but as the temperature of the producer 
is at or over 1800 degrees Fahrenheit, CO, is dissociated to CO. 
The heat thus rendered latent accounts for the excess above shown. 
Now it is evident that this heat can only come from the stock of 
heat present in the producer when the blowing with steam first 
starts. Hence there must be a continual cooling of the producer 
contents during the period of water-gas making. This results 
finally in a serious production of CO, according to reaction I, 
when the steam must be shut off and the contents of the 
producer brought back to inecandescence by blowing with air. 
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The most unfavorable operation of the producer occurs when the 
reactions are according to equation I. Under this condition 


fib. C + 3 tb. HO — 3.66 CO, + 34 H, 


so that 1 pound of water gas then contains 


3 66 
266 ee 
and 
eee 085 lb. Hydrogen 
3.66 + 34 — ; 


The production of water gas reckoned on the basis of coal or 
carbon is not at all efficient, since the heat in the poor gas made 
during the blowing-up period is very often wasted, and only in 
rare instances of utility. Other losses are, of course, those 
through incomplete combustion, radiation, etc.; but these are 
inherent in all producers to a greater or lesser extent. 

Propucrer Gas. — Midway between air gas and water gas we 
find the great class of power gases for the production of which 
the producer is blown continuously with a mixture of air and 
water vapor. 

To get a fair insight into the working of a power gas pro- 
ducer and of the efficiencies that may be realized, we will assume 
the following definitions and quantities.* 

1. The heat supplied to a producer consists of the heat fur- 
nished to it in the fuel plus the heat contained in steam and 
air above a certain fixed temperature, say 32 degrees Fahrenheit. 

2. The heat leaving the producer in the gas is made up of 
the latent heat of the gas plus the sensible heat. What the 
quantity of heat considered as the useful effect in efficiency should 
be depends upon circumstances. In furnace work, where it may 
be of advantage to employ the hot gas, the useful effect would be 
the sum of the latent and sensible heats of the gas. In gas-en- 
gine practice, on the contrary, the opposite is the case, and the 
useful effect would be the latent heat only. In the first case we 
speak of the hot-gas efficiency, in the second of the cold-gas 
efficuency. 

* Adapted from the discussion of E. Meyer, Zeitschrift des Vereins 
deutscher Ingenieure, 1895, p. 1523. 
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3. Inside of the producer the following reactions take place, 
some endothermic, others exothermic. 

Of every pound of carbon the larger part burns to CO, the 
remainder to CO,. The heat generated from these two combus- 
tions is utilized in the following ways: Part of it dissociates the 
steam present, forming H, and CO or CO,, or both. How this 
action varies with the temperature of the producer has al- 
ready been pointed out. A second part of the heat serves to 
bring the fresh fuel up to the temperature of the producer, a 
third is lost by radiation from the exterior producer walls, and 
the remainder appears as sensible heat in the gas made. 

The formule to be derived will be based upon one pound of C 
rather than upon one pound of coal, for the reason that coals vary 
greatly in composition, and it is in every case quite easy to change 
from this basis to that of coal if the qualities of the coal be known. 
Let 


14500 B. T. U. = heat of combustion of 1 Ib. of C to 3.66 Ib. CO,,. 
4400 B. T. U. = heat of combustion of 1 lb.  C to 2.33 Ibs. CO. 
10100 B. T. U. = heat of combustion of 2.33 Ib. CO to 3.66 lb. CO, 


E900 Bots Uae 





= heat required to dissociate 1 lb. of 
water vapor under producer conditions. 


xz = part of 1 lb. of C burning to CO,. 

(1 — a) = part of 1 lb. of C burning to CO. 

y = pounds of steam introduced per lb. of C. 

A = heat furnished in steam. 

B = heat furnished in air. 

C = heat required to bring fresh fuel to temperature of 

producer. 

R = heat lost by radiation. 

S = sensible heat of the gas. 

All of the above heat quantities are per pound of carbon gasi- 
fied, and above a temperature of say 32 degrees Fahrenheit. 

With this notation the general heat equation for the producer 
may be stated as follows, based on 1 lb. of carbon: 


4400 (1 — «) + 145007 + A+ B=6900y+S+R4+C. 


The heat that will be generated by the combustion of the volume 
of gas formed comes from CO’ and H. 
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Heat generated in gas per pound of C gasified 
= [10100 (1 — x) + 6900 y.] B. T. U. 


6900 y for the heat generated by H is obtained by considering 
that we must receive as much heat from the combustion of the H 
in the gas as was rendered latent during dissociation of the amount 
of H,O required to furnish it. 

Heat supplied per pound of C gasified = 14500 + A + B. 
Hence 
10100 (1 — x) + 6900 y 

14500 + A+ B 
10100 (1 — xz) + 6900y + 8S 
14500 + A+ B 


In the latter case, no part of the sensible heat of the gas is 
abstracted before the gas is used. In practice there is always 
some loss of temperature between the producer and the place 
where the gas is used, hence S is never fully obtained. 

If in the above general heat equation the values of v, A, BC, 
Rand S are known, the value of y, 7.e., the pounds of steam to be 
used per pound of carbon, may be poaepuked. The composition 
of the resulting producer gas may be computed as follows, using 
the above notation: 


Cold-gas efficiency — 





Hot-gas efficiency = 


ComposITION BY WEIGHT PER PouND oF CARBON GASIFIED. 
CO =(1-—72) aa 2.33 (1 «x) pounds 
44 


CO, = tide 3.66 x pounds 
BES nase 
H =Fa/ = 9 pounds 
The amount of N is found as follows: 
16 
Oxygen required for CO = (1 — 2) ee 1.33 (1 — x) pounds 
32 


ll 


Oxygen required for CO, = 797 2.66 x pounds 


Oxygen produced by dissociation of H,O. 
ig 
Pies 

-. O required from air blast 


: y pounds 
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= 1.33 (1 — 2) + 2.662% — “y pounds 
= 1.33 (1+2)— = pounds 


: , 8 100 
Hence air required = [ 1:33 (i+2) = 508 93.5 pounds 
Hence also N brought in by air blast is 
76.5 
N= | 1.88 +2) - 9¥ fogs Pounds 
The total weight of gas produced by one pound of carbon 


therefore is 


: 5 
= 299 (12) + 5007+ ¥4[ ua9¢ + - By ]288 


23.5 
= (6.67 + 5.67 x — 2.77 y) pounds of producer gas. 


pounds 


CoMPOSITION BY VOLUME PER POUND OF CARBON GASIFIED. — 


Volumes at 32 degrees and 14.7 lb. pressure. 
Weight per cubic foot of the various gas under standard con- 
ditions. 


CO = .07807 lb., CO, = .12267 lb., H = .00559, N = .07831. 
Hence, from the above weight computations, we may write 


directly. 
2.30 2 


a ee — 2) = 29. = 4G) Cul Lb 
Volume of CO 07807 (1 — 2) 9.84 (1 — x) cu. ft. 
Volume of CO set) e =.29.02 2 cu. Tt 
bee 2267 ie 
as hod Te 
Volume of H 9.00559 ~ 19.87 y cu. ft. 


23.5 X .0783) 
= (55.51 + 41.74 2 — 37.10 y) cubic feet. 


Volume of N -[ 183 (1 — 2x) - ey oe ca 


From this 
Total volume of gas per pound of C gasified 
=[29.84(1—2) + 29.02 + 19.87 y + 55.51 4+ 41.742 — 37.10 y] 
cubic feet. 
= (85.385 + 40.92 x — 17.23 y) cubic feet. 
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| 2. Theoretical Yield of Producer.— If it is supposed that 
no CO, is formed, that all the sensible heat produced in the 
generator is recov hed in making steam and preheating air and 
fresh fuel, and that no radiation has taken place, we shall have 


rantin — 0, and p= Ac B. 
Under these theoretical conditions, the general heat equation 
(p. 151) then becomes 
4400 = 6900 y + C. 
The value of C is approximately .2 x 1800 = 360 B. T. U. 
~ Hence 
4140 = 6900 y, 


4140 


from which y = 6900 


= .600 pounds of steam per pound of C 
gasified. 


The theoretical yield of gas per pound of carbon under these 
conditions will be 


29.84 cubic feet of CO. 


19.87 * .600 = 11.92 cubic feet of H 
and : 
55.51 — 37.10 X .600 = 33.25 cubic feet of N. 


Total volume of yield = 75.01 cubic feet per pound of C. 
Composition of gas, per Cent by volume, 


39.8 per cent CO, 15.9 per cent H, 44.3 per cent N. 


Taking the higher heating value of H at 346 B.T.U. per 
cubic foot, and the heating value of CO at 342 B. T. U. per cubic 
foot, the gas yield from 1 pound of C will develop 


(29.84 x 342) + (11.92 x 346) = 14249 B. T. U. 


The higher heating value per cubic foot of this theoretical 
gas is therefore 

14249 

75.01 

In actual practice, however, X and F cannot usually = O, 

neither 8 is = A + B; 7.e., not all of the heat appearing as sen- 

sible heat in the gas leaving the producer is ever recovered. To 


= 187.2 B.T. U. per cu. ft. 
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make clear what happens under these circumstances, the follow- 
ing table is constructed. In this table it is assumed that the 
heat furnished in steam and air per pound of carbon equals 1000 
B. T. U. = (A + B) in all cases, and that the sum of the heat 
losses due to radiation, R, and sensible heat of the gas, S,= 1640 
B.T. U. per pound of carbon. ; 

The heat furnished the producer per pound of C will then in 
all cases be 14500 + 1000 = 15500 B.T.U., while the heat 
accounted for will be 15500 — (1640 + 360) = 13500 B. T. U., 
13500 
15500 
= 87.2 per cent. It is further assumed for illustration that only 
the amount of carbon burned to CO, per pound of carbon gasi- 
fied varies. 


so that the generator efficiency on hot gas in all cases = 
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In commenting upon the above table, Meyer points out that 
as the percentage of CO, in the gas increases, the heating value 
of the gas decreases, but since at the same time the percentage 
of H and the volume of gas per pound of C increase, it is not 
always right to conclude from analysis alone that the efficiency 
of the generator is less with a fairly high than with a low percent- 
age of CO, in the gas. In general terms it can be stated, how- 
ever, that the lower the temperature of the generator, the greater 
the formation of CO,, and the greater also the loss of heat in 
sensible heat of the resulting gas. 

Referring to the gas engine itself, a high percentage of CO, 
in the gas means a low engine capacity, since this high percentage 
is usually also accompanied by an increased amount of the other 
indifferent gases. 

3. Gas Producers in Practice. — Turning now to actual gen- 
erator practice, we find the following main points of difference: 
The fuel is not pure carbon, but some impure form of it, as coal, 
coke, lignite, peat, or wood. This in itself merely results in a 
lower yield of gas per pound of fuel fired than that above com- 
puted, and this decrease is further emphasized by the fact that 
some of the unburned carbon in the fuel is always lost in the ash. 
A complex fuel being used containing gases which are distilled 
off during the first part of the process, the resulting producer 
gas will have a somewhat different composition than that above 
computed. The main difference is due to the addition of 
hydrocarbons, and this difference is therefore greater with 
bituminous coals than with any of the other fuels. The use 
of any of the above-mentioned fuels results also in other 
complications more or less difficult, depending upon the fuel 
used. Such are the formation of tar, dust carried by the gas, 
etc., all of which make a cleaning of the gas imperative before 
it can be used. 

The primary consideration in the operation of the gas pro- 
ducers is perhaps the kind of fuel used. The points to be con- 
sidered in this connection are: percentage of water carried by 
fuel, amount and kind of ash, tar-forming ingredients of the fuel, 
size of fuel, and whether it cokes or not. 

A high percentage of water has a direct effect in lowering the 
temperature of the producer, besides lowering the heating value 
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of the gas per cubic foot as made. A large amount of ash makes 
more frequent cleaning out nécessary, or it is likely to result in a 
partial stoppage of the air supply. If the ash should be easily 
fusible the case is much more complicated, as this results in bad 
clinkering. The size of the fuel should be a happy medium. 
Small fuel, z.e., screenings, etc., clog up easily and in any case 
require a higher blast pressure. Large fuel, on the other hand, 
offers too little surface for gasification and is apt to let much water 
and CO, escape unreduced. A coking coal nearly always gives 
trouble from this cause, and it necessitates constant breaking up 
of the charge. 

The formation of tar, which results especially when bitumi- 
nous coals are gasified, makes a cleaning of the gas for engine pur- 
poses indispensable. Tar results when some of the hydrocarbon 
gases are condensed through cooling in the gas mains and pipes. 
If these gases reach the cyclinder their combustion is likely to 
result in a strong deposit of soot. In either case the operation 
of the engine will soon be seriously interfered with. Tar can be 
almost entirely removed from the gas by washing it, but this 
process requires constructions fully as costly as the producer 
itself and hence other methods have been employed. 

The tar-forming gases are always those which are formed 
from the dry distillation of the coal, hence most trouble is en- 
countered with bituminous coal, less with lignite and still less 
with anthracite. For this¢reason anthracite and coke producers 
have been most successful, although producers using brown 
coals and lignites are in operation, as are also those using bitu- 
minous coal, but with less success. This does not apply to steel 
works where bituminous coal is used extensively for gasification. 
But there the gas is used mostly hot and less trouble from tar is 
experienced. 

The tar gases can be ‘‘fixed,” 7.e., changed to permanent 
gases when the producer gas containing them is led through an 
incandescent bed of fuel before entering the gas mains. In this 
case the tarry hydrocarbons are changed either to H,O and CO, 
or split up into CO and H. In some producers only the gases 
resulting from the dry distillation are handled in this way. In 
either case the tarry hydrocarbons are fixed, and no elaborate 
cleaning apparatus for the gas is required. The necessity for 
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treating bituminous producer gas in this way has resulted in 
various constructions of producer, a few of which are given 
below. 

Gas producers may be divided into three classes: 

a. Pressuré Producers.— In these air and steam are 
furnished to the fuel bed by a blower or fan. The ash pit of the 
producer must be enclosed, making the removal of ash com- 
plicated or the action of the producer intermittent, unless the 
water-bottom type is used. Steam for blowing is usually fur- 
nished by a separate boiler. Since the rate of production of gas 
is usually not regulated according to the demand for gas directly, 
a gas holder is usually necessary for this type. 

b. Suction Producers. —In this class the air and steam 
are drawn. through the producer by the suction of the engine 
cylinder. The production of gas is thus directly regulated by 
the demand. The ash pit remains open, and steam enough can 
usually be generated by the sensible heat of the gas. 

Suction gas producers have nearly replaced pressure producers 
for gas-engine purposes. Some of the obvious advantages, as 
open ash pit, absence of separate boiler and of gas holder, have 
been pointed out above. The dangers at first supposed to be 
inherent in this system have failed to materialize. Leaks in a 
pressure system may lead to a poisoning of the atmospheric air 
by the color- and odorless CO, positively dangerous to attendants. 
Leaks in a suction system only result in an in-leakage of air. 
That this can never happen to such an extent as to form an ex- 
plosive mixture, except through a combination of extraordinary 
circumstances, is at once evident when we consider that the ratio 
of air to producer gas for such a mixture would have to be at least 
favo 

In spite of such advantages the suction system is by no 
means perfect. The regulation of the water supply to regulate 
the amount of H in the gas, the vaporizer for the water, and 
the cleaning apparatus are still points which admit of improve- 
ment even in the late form. 

c. Combination Producers. — The air and steam mixture 
is drawn through the producer by a fan and the resulting gas 
forced by the same fan to the engine. The producer in this 
system is thus of the suction type. 


4s 
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PressuRE Propucers.—Taylor. Fig. 7-1 shows the Taylor 
producer made by R. D. Wood & Co. of Philadelphia. In their 
publications on the producer this company 
lays down the following requirements for a 
successful pressure producer. Most of these, 
however, apply to producers in general. 

1. A continuous and automatic feed; the 
former for regularity and uniformity of gas 
production with improved quality, the latter 
for eliminating negligence of attendants. 

2. A deep fuel bed carried on a deep bed 
of ashes; the first to make good gas, and the 
second to prevent waste of fuel. 

3. Blast carried by conduit through’ the 
ashes to the incandescent fuel. ; 

4. Visibility of the ashes, and accessibility Fie. 7-1.— Taylor 
of the apertures for their removal, arranged Producer. 
so that operator can see what he is doing. 

5. Level, grateless support for the burden, insuring uniform 
depth of fuel at all points, and consequent uniformity in the pro- 
duction of gas. . 

These points are well covered in the design of the producer. 
The fuel is admitted through a distributing hopper which keeps 
the layer of fuel level over, the cross-section. The bed of ashes 
is kept at about 6 inches over the top of the air pipe, thus protect- 
ing it from direct heat. The entire charge in the producer is 
supported by a plate whose diameter is somewhat greater than 
that at the bosh. As necessity requires, this plate can be revolved 
and the ashes are scraped, or they fall off, into the closed ash pit, 
which is under blast pressure. The grinding action ensuing when 
the plate is revolved settles the contents of the producer and 
thus closes up any free air channels that may have been formed. 
Once a day the pit must be opened for the removal of the ash. 
Blast is supplied generally by a steam jet. 

Morgan. Somewhat similar in design is the Morgan pro- 
ducer, Fig. 7-2. The main point of difference is in the removal 
of the ash. The fuel here is also admitted through a continuous 
automatic feeding device. The blast is controlled by a steam 
injector so designed as to maintain a proper proportion between 
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air and steam. The make of gas can be completely controlled by 
the re of a 23-inch steam valve. 


Fia. 7-2.— Morgan 
Producer. 





This producer is of the water- 
bottom type, 7.e., the ashes fall into a 
water seal at the bottom, and may 
there be removed without stopping 
the operation of the producer. This is 
not possible when a grate or similar 
device is used in a pressure producer. 
For certain fuels, especially those 
highly bituminous or those where ash 
is apt to clinker, the water-bottom ~ 
producers possess some advantage over 
the others. About three feet above the 
water level in the ash pan, and some 
inches above the top of the blast dis- 
tributing pipe, a number of sight 


holes are arranged around the circumference of the producer. 
Through these the, zone of combustion may be watched. The 
top of the producer is covered with a shallow water pan. Poke 
holes through the top with water-sealed covers are also provided. 














Gas Return Valve 























Fic. 7-3.— Wile Producer Installation. 


Wile. A complete Wile pressure gas plant is shown in Fig. 
7-3.* Steam under about 40 pounds pressure is generated in the 
boiler, A, and enters the generator through the injector, J, mixed 
with air. The gas made passes through the seal box, D, and the 


* J. I. Wile in Power. 
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scrubber to the gas holder. This is the ordinary arrangement, 
but it is open to objection when the load is extremely variable. 
In such a case it is usual to. arrange the gas holder so that it shuts 
off steam at J when the holder is full. The contents of the pro- 
ducer then cool, and a further cooling results when the steam is 
next turned on. The temperature ranges in the producer are 
therefore apt to be high under such conditions. To meet this 
difficulty the design can be changed by placing the steam injector 
at B, above the seal box D. The gas holder is connected with the 
seal box by a return pipe HE. When the gas holder is up, catch H 
in the gas holder opens the return valve, and the injector B merely 
draws on the gas holder, placing the generator temporarily out of 
commission. When the gas holder falls, the return valve closes, 
the injector draws on the generator, and gas is again made. In 
this design the arrangement at J is then merely a saturator, and 
the plant is really a combination plant, the generator being under 
suction. 





Fia. 7-4.— Koerting Pressure Producer. 


Koerting, Hannover.* Fig. 7-4 shows a Koerting pressure plant. 
The gases made during the firing-up period escape through the 
pipe a. Should the natural draft not be strong enough, it may 
be increased by means of a small steam blower in pipe a. After 
the flame at the try cock shows dark red, and not blue, the valve 
b is closed, and the gas made sent through the pre-heater, scrub- 


* Giildner, Entwerfen und Berechnen der Verbrennungsmotoren, p. 384. 
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ber, and sawdust purifier to the gas holder. The make of gas is 
controlled by the gas holder through the chain C, which acts 
upon the blast through a throttle valve at d. According to pub- 
lished figures, the average analysis of the gas made is, by volume, 
H, 18 per cent; CO, 26 per cent; C,, H,,, 2 per cent. 
CO,;,,7- per cent, N, As per cent; Efficiency, 80-82 per cent. 





Fic. 7-5.— Deutz Pressure Producer. 


Deutz. The steam used for the blower a, in the Deutz plant, 
Fig. 7-5, is superheated in a coiled pipe above the fuel in the boiler. 






ue 
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Kia. 7-6.— Poetter Producer. 


* Giildner, Entwerfen und Berechnen der Verbrennungsmotoren, p. 384. 
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The air is pre-heated by the heat of gases in the heater C. The 
opening 6b is used to try the gas during firing up. Arrangements 
of scrubber and purifier are similar to those already described. 
Poetter. The Poetter producer,* Fig. 7-6, is especially de- 
signed for bituminotts coal. The fuel charged is distilled while 
still in the hopper, the gases formed are drawn off by special 
steam blower and are led through the pipe Cd under the grate. 
Air for blast is provided through ef. The gas made escapes at a, 
and is first used to raise the steam required in a boiler. It is 
then led through cooler, scrubber, coke- and sawdust purifier to 
the gas holder. Schottler, in describing a plant of Poetter pro- 
ducers at Johannesburg, surmises that their operation might cause 
trouble, but the kind of coal used at Johannesburg is not stated. 











fa . : 





Ee pr ree 
Fic. 7-7. — Mond Producer Plant. 
‘ 


Mond. When a producer is blown with a large excess of 
steam, a great deal of it will go through undecomposed. At the 
same time, however, the quality of the gas made undergoes some 
radical changes. The quantity of H in the gas will be high, 
sometimes up to 25 per cent, while at the same time, on account of 
the low producer temperature, a great deal more of the C is burned 
to CO, than is ordinarily the case. A further, and important, 
change is that a great deal of the N is changed to ammonia, a 
reaction which does not take place in producers run under the 
ordinarily higher temperatures. To recover this ammonia is an 
important consideration. This is the process of Mond. 

A Mond gas plant consists essentially of two parts, the pro- 
ducer and the condensing and recovery plant, Fig. 7-7. 

* Rev. Mec., 1904, p. 484. 


164 INTERNAL COMBUSTION ENGINES 


The details of the producer A do not differ much from those 
already described. It is of the water-bottom type. The gas 
made passes through the regenerators B. These consist of double 
wrought-iron tubes united alternately top and bottom. The hot 
gases pass through the inner tubes, heating the mixture of steam 
and air, used for blowing the producer, which flows through the 
outer tubes in the opposite direction. The gas next passes 
through the washer C. This is a large chamber partly filled with 
water. By means of dashers, driven by D, the chamber is kept: 
filled with water spray. The gas is cooled considerably in pass- 
ing through C, the water vapor in the gas being condensed to a 
great extent. Up to this point all of the apparatus is necessary 
even if no ammonia recovery is attempted. 

For a gasification capacity of less than 30 tons of coal in 
twenty-four hours it is not usual to install a recovery plant on 
account of the high cost of installation. Beyond this capacity 
the installation is justified. A recovery plant consists of the 
acid tower H, the gas cooling tower fF’, and the air nae and 
saturating tower G@ (see Fig. 7-7). 

The gas after leaving the condenser C enters the tower EF at 
the bottom and flows upward through firebrick checker work. 
In doing so it meets a descending rain of sulfuric acid liquor 
containing about 4 per cent of free acid, and by this the free 
ammonia in the ascending gas is fixed, being changed to sulfate. 
The acid liquor is circulated by a special pump, and kept 
at the proper strength by drawing off the sulfate liquor and 
adding a corresponding amount of fresh acid solution from time 
to time. 

The gas then enters the cooling tower /’, at the bottom, and 
in its ascent is cooled by descending cold water. The gas gives 
up its burden of steam, which in turn heats the descending cold 
water. The gas is then conveyed to the gas mains. 

The hot water leaving the gas-cooling tower is pumped to the 
top of the air-saturating tower. Here it flows downward through 
checker work, and in its descent saturates and heats the air, 
which is driven upward through the tower by blowers. Leaving 
this tower, the air-water vapor mixture then goes to the 
regenerator B, where it is further pre-heated before entering the 
producer. 


Z 
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Sexton* states that the amount of steam used is about 24 
tons per ton of fuel, and estimates that about two tons of this 
go through undecomposed? 

The method has the advantage that slack coal may be gasified 
with success. The recovery of ammonia amounts to about 1 ton 
for 23 tons of coal gasified, or adding the fuel required for 
making steam, about 1 ton for 28.5 tons of fuel. 

The average analysis of Mond gas is, by volume, 


11 per cent CO, 17.1 per cent CO,, 1.8 per cent CH,, .4 per cent 
C,H, , 27 per cent H, and 42.5 per cent N. 


This gas is free from tar and excess of moisture, and burns with a 
non-luminous flame. 





Fic. 7-8.— Deutz Suction Producer. 


Suction Propucrers. — Deutz.{ In the Deutz suction pro- 
ducer, Fig. 7-8, the vaporizer is arranged around the top of the 
generator. During the suction stroke of the engine, fresh air 
enters the vaporizer, is here mixed with water vapor, and then, 
flowing through the connecting pipe at the left side of the genera- 
tor, reaches the under side of the grate. The gas made leaves the 
generator through the pipe at the right and enters the wet scrub- 
ber at the bottom. From here it passes to the engine through a 


* Sexton, Producer Gas, p. 90. 
+ Gildner, p. 386. 
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regulator. Just before entering the engine the gas passes a vessel 
containing a wire brush for a final cleaning of tar. The 
larger Deutz suction installations show a somewhat different 
construction. 





Fic. 7-9. — Koerting Suction Producer. 


Koerting.* Fig. 7-9 shows a Koerting suction plant designed 
for from 30-35 horse-power. In this case the vaporizer is inde- 
pendent of the generator. The latter is heated by the hot gases 
on their way to scrubber and purifier. During the heating-up 
period, the air is furnished by the blower shown. The smoke 
escapes through a pipe which branches off beyond the vaporizer, 
so that this will be heated during the blowing-up period. 





Fic. 7-10. — Koerting Installation. 


A complete view of a Koerting plant is shown in Fig. 7-10. 
* Giildner, p. 386. 
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Ameriean Crossley. The American Crossley suction gas plants 
in this country are built by the Power & Mining Machinery Com- 
pany. Fig. 7-11 shows a complete plant. The producer is of con- 
ventional design. The fuel bed rests on a shaking grate. The 
fuel is admitted as shown. The waste heat boiler or saturator 
surrounds the feed tube. The water level in this saturator is 
automatically regulated. During the firing-up period the pro- 
ducer is blown by means of the fan shown, the gases escaping by 
the purge pipe. A new idea seems to be the saturating of only 
part of the air supply. The makers point out the difficulty of 
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Fic. 7-11.— American Crossley Producer. 


making uniform gas at all, especially at low, loads, owing to the 
difficulty of controlling the amount of steam admitted. To 
remedy this, part of the air only passes through the saturator, 
while the rest is directly admitted to the ash pit. Valves on these 
two air inlets can be set so as to give satisfactory gas over wide 
ranges of load. 

Another arrangement in which this producer plant differs from 
most others is that of the cleaning apparatus. This consists of 
a wet scrubber, an hydraulic box, and a combination wet and dry 
scrubber. The gas enters the first and passes downward, passing 
upward in the combination scrubber. The operation is shown 
plainly in the cut. 
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Fairbanks-Morse. Fig. 7-12 shows a Fairbanks-Morse installa- 
tion for 21 horse-power, the producer itself being shown in Fig. 
7-13, in greater detail. The general design of the producer is very 
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Fig. 7-12. — Fairbanks-Morse Installation. 


similar to that of the American-Crossley, except that all of the 
air passes through the vaporizer. Apparently only a wet scrub- 
ber is provided, it being evidently intended to use anthracite 
only. A gas tank of considerable volume is interposed between 
scrubber and engine. 

The suction producers so far described have been for anthra- 
cite, coke, or charcoal. The desire to utilize soft coal, lignites, 
etc., has led to special designs, of which the following are a few 
examples. In some of these all of the gas made from the fuel 
is passed through other highly incandescent but gas-free fuel to 
fix the tar-forming gases, in others only the gases of distillation 
are so treated. 
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Fic. 7-13. — Fairbanks’ Producer. 


Riche. * Riche’s producer, Fig. 7-14, is especially designed 
for wood, but it may also be used for hard coal and coke. The 
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Fie. 7-14. — Riche’s Producer. 
* Génie Civil, 1901-2, p. 398. 
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column at the right serves as a magazine for the fuel bed at b. 
The gases formed are sucked up through C, which is kept filled 
with incandescent charcoal. The fixed gas passes through pipes 
d and e, being washed by means of sprayed water in its passage. 

Lencauchez.* Instead of using two separate stacks, the two 
fuels may be put together in one furnace, as is done by Lencauchez, 
Fig. 7-15. Long-flaming bituminous coal is charged through a, 
while through b coke from coke ovens or gas works is charged. 
Water is evaporated in the ash pit. The openings c and d show 
only black smoke, while ¢ shows a colorless gas. The gases from 
the soft coal are fixed in passing through the incandescent coke 
layer. Schottler mentions that this gas is not used as power 
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Fic. 7-15. — Lencauchez Producer. 


gas but for heating purposes. The proportions of the charge are 
about 20-25 per cent coke to 80-75 per cent soft coal. 

Lencauchez. + Another way of reaching the same end, that is, 
fixing the tarry gases, is by the use of so-called double genera- 
tors. In these generators the charge burns both top and bottom, 
the gases being drawn off at about the middle of the producer. 
Fig. 7-16 shows a generator of this type designed by Lencauchez. 
It consists essentially of three conical parts. The upper one 
serves as a magazine. In the middle one the fire burns on top, 
in the bottom one at the bottom. Air enters at Dand B. Water 
is introduced at A and evaporated in the ash pit. The air and 
gas currents are shown by the arrows. The gases of distillation 
formed in the magazine are drawn downward through the 


* Zeitschrift des Vereins deutscher Ingenieure, 1905, p. 1903. 
+ Zeitschrift des Vereins deutscher Ingenieure, 1905, p. 1905 
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Fic. 7-16. — Lencauchez Double Zone Generator. 


incandescent fuel in the middle section and are so fixed. Any 
unburned coked fuel then passes on toward the grate and is 
gasified on reaching the incandescent zone in the lower section. 





Fic. 7-17. — Koerting Producer for Peat. 
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Koerting. * Koerting’s producer for peat, Fig. 7-17, is built 
along lines similar to the above. The producer consists of two 
parts, of which the upper and larger one is fitted with step grates, 
aa, the lower one with an ordinary grate b. When in operation, 
the charge of peat in the upper parts burns only near the grates 
aa, while the inner core of peat is only coked. The gases so 
formed pass into the perforated pipe ¢ and are led through d 
_under the grate b. The coked peat formed in the upper part 
passes downward and is gasified over the grate b. The gases 
from d pass through the incandescent layer above b, are fixed, and 
together with the gases formed over b pass out at e. One would 
naturally assume at first sight that the gases of distillation would 
pass directly downward and out at e, instead of entering ¢ and 
passing through d. The direction of the movement is regulated 
by creating a slight vacuum under the grate 6, and by contract- 
ing the producer section at /. This contraction produces an extra 
resistance to the passage of gases downward, and they conse- 
quently take the more convenient way through ¢ and d. Schottler 
gives the analysis of a peat gas so made as 


14 per cent CO,, 4 per cent CH,, 15 per cent CO, 10 per cent H, 
and 57 per cent N, 
producer efficiency being about 75 per cent. 





Fie, 7-18. — Crossley Producer. 
* Zeitschrift des Vereins deutscher Ingenicure, 1905, p. 1909. 
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CoMBINATION Systems. — Crossley. The Crossley producer, 
Fig. 7-18, is suitable for bituminous coal, or other gaseous fuel. 
The fuel is first charged into the retorts A, and is there distilled by 
the sensible heat of the gases formed below. When charging, 
the valve B is drawn tightly against its seat, and the fuel is 
projected downward by turning the spiral D by means of the 
capstan. When the distillation is complete the casting B is 
lowered and the coked fuel is thrown into the main part of the 
producer by turning D. At the same time it is broken up by 
the spirals. The gases of distillation are drawn out of the 
retorts through the pipe Ff, and pass under the grate 7, at M. 
The suction is produced by a fan blower, which at the same time 
draws air and steam to the main bed of fuel, and discharges the 
resulting producer gas into a holder at suitable pressure. 
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Fic. 7-19.— Deutz Double Zone Producer. 


Deutz. The Deutz plant for bituminous coal is shown in 
Fig. 7-19. The producer is of the double-generator type. The air 
enters the vaporizer at a, and reaches the ash pit through pipe b. 
The fire burns top and bottom. Green coal is charged at the top. 
It is distilled, the gases formed pass downward through incan- 
descent fuel and are so fixed, passing out at c. The greater part 
of the fuel coked near the top passes downward and is finally 
gasified in the lower part of the producer, the gases also passing 
out at c. Suction is maintained by a fan connected beyond the 
coke serubber. Owing to the fixing of the tarry gases it is found 
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that a coke scrubber is all that is required. The fan, which is 
almost a necessary part of such a plant, owing to the increased 
friction entailed by the design of the producer, delivers the gas 
to a holder. The holder regulates the make of gas by controlling 
the fan. During the firing-up period, a purge pipe is lowered 
over the top of the generator, which has no special charging bell. 
The same fan is then used as a blower to furnish air to the pro- 
ducer, by-passing the scrubber. 























Fia. 7-20. — Loomis-Pettibone Producer. 


Loomis-Pettibone.* The Loomis-Pettibone gas apparatus, Fig. 
7-20, may be used for the making of producer gas alone, or for 
alternate manufacture of water gas and lean power gas. Each 
plant consists of two producers, a boiler, a combination wet and 
dry scrubber, and an exhauster which delivers the gas made to 
the proper holder or the purge pipe, depending upon the positions 
of the valves x, y and z. The producers are charged through the 
top. Through the same doors the air also enters. Thus the 
gases pass downward through incandescent fuel, so that any kind 
of fuel may be employed. Leaving the producers at the bottom, 
the gases pass through the boiler, where they are cooled, and 
then through the scrubber and purifier. The make of gas is con- 
trolled by the speed of the exhauster, the suction pressure being 
ordinarily from 12 to 24 inches, the delivery pressure about 6 
inches of water. 

Suppose it is desired to make water gas. The feed doors # 


* The Power Plant of the Montezuma Copper Co., John Langton. 
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and F, and the valve B, are closed. Steam is then admitted 
under the grate of producer No. 2, the right-hand producer in 
Fig. 7-20. The water gas formed in No. 2 is-passed through the 
top connection to No. 1, passes down No. 1, out at A, and thus 
up the boiler and through the scrubber to gas holder. The next 
time water gas is run, the directions are reversed, or this may be 
done when one half of a water-gas run is completed. To make 
water gas, the aim is to blow the producers up with air as hot as 
possible, and then pass steam only through them until a great 
deal of it goes through undecomposed. Then air alone is again 
used to get the fires hot. This procedure means a wide range of 
temperature in the producer, and while this does not affect the 
quality of the water gas seriously, it does affect the producer 
gas made during the blowing-up periods, as a great deal of CO, 
is formed when the producers are comparatively cool. In a large 
plant where several producers are at one time delivering to the 
same gas holder, this irregularity is not much felt at the mixing 
valve of the engine where the two gases are mixed in proper 
proportion. For a single set plant this feature of varying pro- 
ducer gas make is more serious, and for this case the producers 
may be operated in a different manner. 

To this end the steam connections, M, are used so that steam 
may be introduced along with the air, thus making water gas 
and lean gas concurrently, maintaining the producer tempera- 
ture fairly constant for aléng time; in other words, true producer 
gas is made. To get around the too fine adjustment of air and 
- steam for constant temperature, somewhat less top steam than 
could be used is employed, thus allowing the temperature to 
slowly rise. A short water-gas run fetches it down again to the 
proper point. The water gas made is slowly fed from its holder 
to the main gas holder through a controlled throttle valve so that 
its rate of feeding approximately equals its rate of production. 

4. Some Producer Details. — Mathot, in The Engineering 
Magazine, May, 1905, gives the following data for suction por- 
ducers: 

To get the greatest production of H and the most effective 
reduction of CO,, make the cross-section of the base of the pro- 
ducer from 0.6 to 0.9 of the piston area of the engine. This is 
for a single cylinder 4-cycle engine at from 600-800 feet piston 
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speed. The depth of fuel bed should be from 3 to 5 times the diam- 
eter at the base, for 4-inch to }-inch lump coal. Amount of 
water dissociated is’ from 0.8 to 1.2 times the weight of coal con- 
sumed. 

More than twenty analyses give the following average figures: 


CO, 24 per cent; CO,,5 per cent; H, 17 per cent; N, 54 per cent. 


Calorific power from 135 to 150 B. T. U. per cubic foot. Average 
coai used shows 89 per cent C, 2 per cent H, 4 per cent O + N, 
and 5 per cent ash. Best size coal is from }-inch to 14-inch lump 
with 8 to 10 per cent of ash, and not more than 8 to 10 per cent 
volatile matter. 

Water in the ash pan is satisfactory for steam production if 
the air is pre-heated. But preference is now given to internally 
heated vaporizers. Tubular vaporizers produce sufficient steam 
after 10 to 13 minutes. With well-designed apparatus, any suc- 
tion plant should be in operation 25 minutes after lighting up. 

The volume of the scrubber should be from 6 to 8 times that of 
the producer. Its height should be from 3 to 4 times its diameter. 
The filling is coke in pieces 3 to 4 inches in diameter, the coarser 
pieces near the bottom, the smaller near the top. Amount of 
water used for washing is from 3 to 5 gallons per horse-power per 
hour for anthracite gas. 

According to the DeLavergne Company, the impurities to be 
removed from one ton of fuel are, for anthracite, from 1 to2 pounds 
of ammonia, traces of sulfur, and from 5 to 10 pounds of tar; 
for bituminous coal, from 4 to 5 pounds of ammonia, sulfur from 
traces to 5 per cent, and from 10 to 12 gallons of tar. 

The Morgan Construction Company point out the effect of 
sulfur on the formation of clinker. A coal with a large per 
cent of ash may work satisfactorily in a producer provided the 
sulfur does not exceed 1 per cent. Above 3 per cent the effect 
of sulfur in forming clinker is badly felt unless special facilities 
are at hand to break up such formations. 

The same company makes the following statements regard- 
ing pressure-producer capacities. The best rate of combustion 
seems to be about 10 pounds of bituminous coal per square foot 
cross-section per hour, the coal carrying 10 per cent of ash and 
1} per cent of sulfur. With coals of lower ash content the rate 
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may be increased to 12 pounds, and in some special cases to 15 
pounds. For poorer coals, however, the rate may sink to 6 or 8 
pounds. Regarding the size of gas flues and pipes, the statement 
is made that each square foot of gas flue will take care of a gasifica- 
tion of 200 pounds of coal per hour, and will serve a gas-making 
area of 16 square feet in the producer. 


CHAPTER VIII 


THE GAS-ENGINE FUELS: LIQUID FUELS, CARBURETER AND 
VAPORIZERS 


1. The Crude Oils and their Distillates. — The crude 
petroleum oils are practically mechanical mixtures of various 
hydrocarbon families. It is therefore to be expected that crude 
oils from various fields show compositions considerably different. 
From these crude oils we obtain by distillation all of the mineral 
oils now so widely used for a great variety of purposes. Of these 
oils the various gasolines, kerosenes, and the so-called “ distillates,” 
besides crude oil itself, are used for gas-engine fuels. 

CrupE Or.—The following table* gives a few analyses of crude 
oils from different parts of the world. These oils are usually of 
a dark green color, the specific gravity is between 0.80 to 0.90 
at 32 degrees, and the flash point between 76 and 93 degrees 
Fahrenheit. 


























Sp. O and Lower 
Gravity Cc H Impuri- | Heating Value 
at 32° ties per pound 
Heavy crude W. Virginia ..... (S73 eso eo. Locceleeoae 18324 
Light crude W. Virginia ...... .841 | 84.3, 14.1] 1.6 18400 
Heavy crude ba-sy.e-ree .886 | 84.9) 13.7] 1.4 19210 
Tight crudé Pa. ssi. as- > .826 | 82.0) 14.8} 3.2 17930 
Heavy crude Ohio ..........-. .886 | 84.9 | 13.7 1.4 19210 
Salt Creek, Wyoming ........ — | —|}—| — 19463 
Bothwell, Canada ........... S574 84.8 | Lara 2 3 20410 
Tntmay Oh10 2 em oe ati eerie S02) Leelee 21600 
Schwabwiller, Lower Rhine ... .861 | 86.2 | 13.3 no 18781 
Gallicias East) «cet iaeritet PSTN Sane Ie lay one 18010 
Gallicinn Wastense. csi mcete (885q|) Sono) \el2eO. lect 18416 
Ubpkedniy Onquceley, IBEMbL Gono oanGae .884 | 86.3 | 13.6 pi 19440 
Heavy Crude, Baku ......... .956 | 86.6 | 12.3) .1.1 19496 
Keudonp, Java a..es sae |) SORON le 2a eee 18330 











* Poole, the Calorific Power of Fuels. 
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Gasouine. — After the distillation of the very light products 
from crude oil, we obtain a series of gasolines of varying flash 
points and gravity. The first of these is 86 degree gasoline, as 
measured on the Beaumé scale. This forms a mixture with air 
so readily even at ordinary temperature that it is somewhat 
dangerous and not often used. The next gasoline, the original 
liquid gas-engine fuel, is 74-degree gasoline. Owing to the much 
greater consumption of gasoline, due to the introduction of the 
automobile mainly, the gravity of gasoline and also the flash 
point have slowly gone up, until to-day 69-degree gasoline. is 
quite common. 

Gasoline vaporizes readily at ordinary room temperatures, 
and it is therefore necessary to keep it covered, not only to pre- 
vent loss but also accidents due to explosions. Insurance com- 
panies usually specify that any quantity of it must be kept in 
an underground tank outside of the building, and that is 
undoubtedly the best way. 

Data on the heating value of gasoline is not at all plentiful. 
A sample the writer had the opportunity of testing recently gave 
the following figures: 

Specific gravity, Beaumé 69.5 at 60 degrees Fahrenheit. 

Composition, 84.76 per cent C, 15.24 per cent H. 

Lower heating value as computed from analysis, 20411 B. T. U. 

Heating value as determined by Junker’s calorimeter, higher 
value 19606, lower value 18482 Bar Us. 

It should be noted that this is one of the instances where the 
heating value as computed is much higher than the actual value, 
nearly 2000 B.T. U. = 10 per cent in this case. It shows the 
necessity of calorimetric determination for accurate work. * 

KEROSENE. — Kerosene, the next heavier distillate beyond 
gasolines, is not as extensively used as gasoline in this country 
for gas engines. It will not form an explosive mixture with air 
at ordinary temperatures, and therefore requires more elaborate 
apparatus for the formation of such a mixture. The following 
data is given by Mr. 8. A. Moss for ordinary American kerosene: 


Sp. Gr. at 60° Flash point CC  H_ Lower Heating Value 
open by weight per lb. B. T. U. 
80 100° ements) 18520 
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Further reliable data on kerosene is given in a lecture by 
Diesel in 1897, in connection with Schéttler’s test of the Diesel 
engine. 


Specific gravity at 24°C (75.2° By) <189; 

Average composition, C 85.13 per cent. 
H 14.21 per cent. 
O .66 per cent. 


Lower heating value computed from analysis, 19874 B. T. U. 
Lower heating value by Junker’s calorimeter, 
average of five tests, 18242 B. T. U. 


DistinLates. — A distillation product resembling kerosene 
in its general properties is sometimes used as fuel. These so- 
called distillates are not as well refined as kerosene, but are handled 
the same when used for engine work. 

The following table, due to Hofer and transposed from Gild- 
ner, shows a good method of presenting the various distillation 
products from crude oil: 


(a) Volatile Ouls. 


Sp. Gr., .65-.75, Ftasa Point BrLow 70° F., Bortrne-Pornt 











Bretow 300° 
Sp. Gr. Boiling-Point 
Petroleumulitheriiesnieieiscrs ran .65—.66 95°-122° F. 
Berizinie. oacte cts nus ecb Pe eieeevotes eee .66-.68 112°-158° 
MarlousiGasOlenesmr: cateiiacir sir aici cer .67—.74 149°—300° 








(b) Illuminating Oils. 


Sp. Gr., .78-.86, FrasH Pornt 70°-158°, BorninG-Point 
ABOVE 300° F. 





Sp. Gr. 
yNinsalecnmelsderaosels) Gonolpond sunoo noo boae vod ao0 .78 —.81 
Russian’ Keroseme ears ce) es esa Nene seer Nereis tenea .82 —.825 
Standard. WhIt6 > seco eis cota meer: te erence .808-.812 
Prime: White xc 5c... a hg cee = es neta eet Coes .80 —.806 


Astralin <<: < sce aps ea ee ee .85 —.86 








Z 
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(c) Heavy Oils. 
Sp. Gr., .86-.96, Fuasn Pornr 374-482° F. 








Sp. Gr. 
Solar Olea aya ee Bios .86—.88 
Lubricating and Cylinder Oils. .88-.90, ete., can be used as lubricating oils 


only. 








2. Alcohol. — The use of alcohol as a gas-engine fuel in this 
country is as yet of no great importance, although the recent 
action of Congress in removing internal revenue under certain 
restrictions will do a great deal toward helping alcohol to the 
place it deserves as a fuel. In some European countries, Germany 
for instance, the price of alcohol is not much greater than that 
of gasoline, and it may therefore compete with gasoline with some 
success, especially when some of its advantages are considered. 
It is much safer than gasoline as regards fire risks, and since 
it always contains some water, a higher degree of compression 
may be employed in the engine, guaranteeing better thermal 
efficiency. These advantages compensate largely the greater spe- 
cific heat cost of alcohol. 

Ethyl alcohol, * whose chemical formula is C,H,O, may be 
made in various ways, but the commercial alcohol of to-day is 
the result of fermentation, generally of grape sugar, in the final 
stage. The raw materials ‘are various. Thus, accurding to 
Sand — they may be divided into three classes: 

1. Those containing starch — potatoes, with 15 to 24 per cent 

starch. 
rye, with 50 to 56 per cent 
starch, 
corn, with 60 per cent starch, 
2. Those containing sugar — sugar beet, with 8 to 18 per 
cent sugar, 
sugar cane, with 12 to 16 per 
cent sugar. 

3. Those containing alcohol—wine with 9 to 16 per cent alcohol. 

* What follows is a reprint from an article by the writer on the use of 
alcohol as a fuel for gas engines in Marine Engineering, June, 1906. 

{ Sand, Zeitschrift des Vereines deutscher Ingenieure, 1894, p. 933. 
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The method of manufacture, of course, varies with the 
raw material, but need not be described in detail here. Theo- 
retically, 100 pounds of grape sugar should yield 51 pounds 
of pure alcohol; in reality the yield is from } to } less than this 
amount. 

A second method of producing alcohol, notably mentioned 
by Witz in his “Moteurs a Gaz et 4 Pétrole,” is to start with 
calcium carbide as a raw material. This, by a somewhat com- 
plicated process, can be changed from CaC, through the stages 
of C,H, and C,H, to alcohol, C,H,O. Barium carbide or strontium 

‘carbide can be used in the same way. Witz states that from 1 
kilogram (2.2 pounds) of calcium carbide 0.8 liter (1.69 pints) 
of alcohol can be obtained; this is equivalent to 0.096 United 
States gallons of alcohol from 1 pound of carbide. Estimating 
the price of carbide at 3 cents per pound, which is even now some- 
what below the market price, 1 gallon of alcohol would therefore 
cost, in raw material alone, 31.2 cents, to say nothing of the cost 
of the chemical operations.. The by-products in the case of the 
calcium carbide do not amount to much. There is consequently 
little likelihood that the so-called synthetic or mineral alcohol 
will ever seriously compete with gasoline or kerosene for 
power. 

The heating value of alcohol cannot be accurately computed 
from its chemical composition, because nothing definite is known 
of the arrangement of the atoms entering the composition. We 
therefore have to depend upon the calorimeter. The figures 
determined for absolute alcohol by various experimenters are 
as follows: 








Higher Heating Value Lower Heating Value 








per pound per poun 
Thomipson «<fa.4<s9as 13310B.T.U. | 12036 B.T. U. 
Favre & Silberman ....... 12013 Base | 11664 B. T. U. 








The value 11664 B.T. U. is the one most generally used. 
Absolute alcohol has a specific gravity of 0.7946 at 15 degrees 
Centigrade (59 degrees Fahrenheit), so that one gallon of pure. 
alcohol weighs 6.625 pounds, and has a lower heating value of 
T1274 Bie 


é 
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One pound of C,H,O contains 0.522 pound carbon, 0.130 pound 
hydrogen, and 0.348 pound oxygen. 

According to this there will be required for the combustion 
of one pound of absolute or 100 per cent alcohol, 


(0.522 X 2.66) + (0.130 X 8) — 0.348 
0.23 





= 9 pounds of air. 


This is the equivalent of 111.5 cubic feet of air at 62 degrees 
Fahrenheit, per pound of C,H,O. Commercial alcohol, however, 
is never pure, but nearly always contains a certain quantity of 
water, the admixture being measured according to volume per 
cent. Thus, 90 per cent alcohol means that the mixture carries 
10 per cent by volume of water. The heating value of such 
alcohol is of course correspondingly reduced from that of 
100 per cent alcohol according to the following table, due to 
Schottler: 











Lower 

Absolute alcohol Specific Absolute alcohol heating 
value per 

volume—per cent gravity weight—per cent pound 

Bey w 

95 0.805 93.8 10880 

90 0.815 87.7 10080 

85 0.826 s 81.8 9360 

80 hose # 76.1 8630 

45 0.846 70.5 7920 

70 0.856 65.0 7200 

70 0.856 65.0 7200 

















It is required by law, in countries where alcohol is now used 
in the industries, to so fix the fuel that it is rendered undrinkable. 
This process is called ‘‘denaturizing’’ the alcohol. The bill 
passed by Congress at the last session provides for the same 
thing. The materials used for this purpose differ in the various 
European countries. Some of them try to keep the process a 
secret, hence some of the information given in the following table * 
is based upon analyses. 


* Zeitschrift des Vereines deutscher Ingenieure, June, 1905. 
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MateriALs Usrep TO DENATURIZE Eruyt ALCOHOL 














Sp. Gr. of | Methylene of 
Denat- (wood Pyridine 
urized alcohol) or Ace- . 
Country Alcohol and Pyridine tone Benzol | Benzine 
at its Bases per cent | percent | percent 
15 impurities | per cent 
Cc per cent 
Francés . os aes > 0.832 hao — 2.5 — es 
Germany 
Denat. Alcohol. .| 0.819 5) 0.5 O45 — — 
Motor Alcohol ..}| 0.825 0.75 0.25 0.25 2.0 -— 
Austria 
Denat. Alcohol. .| 0.835 Salo 0.5 1.25 ~- — 
Motor Alcohol ..| 0.826 ONS trace trace 2ae — 
Russia Sosa ees 0.836 10.0 ORS 5.0 — — 
Italy 
Motor Alcohol ..| 0.835 6.5 0.65 2.0 1.0 — 
Switzerland ...... 0.837 5.0 0.32 ee — — 


























It will be noted from the table that the material most used 
for denaturizing ethyl alcohol is wood alcohol. The heating 
value of the fuel is by the addition of the denaturizing liquid 
changed but little in most cases. 

Benzol, C,H,, besides being used for denaturizing, is some- 
times used in larger quantities than indicated in the above table, 
for the purpose of increasing the heating value of the fuel mixture 
per pound. Benzol has a specific gravity of 0.866 and a heating 
value of 17190 B.T. U. per pound. A mixture of x per cent 
by weight of absolute alcohol with y per cent of benzol, will there- 
fore have a heating value of 


[11664 « + 17190 y] B. T. U. per lb. 


If the alcohol is not absolute, its proper heating value should 
be substituted from the table above given. In this way from 
10 to 40 per cent of benzol is sometimes employed, thus raising 
the heating value of the fuel, and at the same time decreasing 
the specific heat cost, 7.e., the cost per heat unit. 

There is a second reason why benzol is employed. Under cer- 
tain circumstances there will be formed acetic acid in the products 
of combustion of alcohol. This causes rusting of the engine parts. 
On examination it will be found that this is due to a combustion 


4 
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with insufficient air supply, and the surest way to prevent rust- 
ing, therefore, is to use a good excess of air, and to have a perfect 
mixture. Under such contlitions there will be no danger of cor- 
rosion. It is also found that a good addition of benzol acts as an 
additional safeguard. It should not be forgotten in this connec- 
tion, however, that the great advantage possessed by alcohol in 
its odorless exhaust is sacrificed to some extent by the use of ben- 
zol. 

3. Mixing Devices for Liquid Fuels. — As has been already: 
pointed out, the fuel mixture of a gas engine is always a gas or 
vapor mixed with air. Hence in the case of liquid fuels special 
devices are required to convert these fuels into gases or vapor. 
Such devices are indiscriminately known as carbureters, vapor- 
izers, mixers, or mixing valves. In the strict sense, a carbureter 
is a device in which the mixture is formed by passing air over or 
through the liquid fuel. When no special heating of the fuel is 
done, these devices are applicable to the more volatile fuels only, 
as gasoline. The name carbureter, however, is also used when in 
this device gasoline is mechanically atomized or sprayed into the 
current of incoming air. The term vaporizer is usually employed 
when considerable heat for gasification or vaporization is re- 
quired, as is the case for kerosene, crude oil, and alcohol. 

Mixtne Devices ror GasoLine: CarBurrrers. — Carbu- 
reters in which the air is passed over or through gasoline have 
the drawback that when the carbureter chamber is filled with 
fresh gasoline the lighter constituents of the liquid distil off 
first. The parts harder to vaporize remain behind, so that the 
fuel mixture is anything but constant, growing leaner as the 
vaporization progresses. 

Atomizing or spraying carbureters are not open to this objec- 
tion, a definite amount of gasoline being injected each time. 
Hence they are much used, especially in automobile work. 

Figure 8-1 shows a carbureter which is of what has been very 
aptly termed the bubbling type. The suction stroke of the 
engine establishes a partial vacuum in a through the check 
valve e, and the chamber d, interposed for reasons of safety. 
This causes air to enter through the screen b, rising through ¢ in a 
spray. Bubbling up through the gasoline it carries with it some 
of the vaporized liquid and goes through d and e to the engine, 
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where a normal combustion mixture 
is formed by the addition of more 
air. The jacket water from the engine 
may be circulated through /, assisting 
in the vaporization. In special cases 
"a part of the exhaust gases may also 
be circulated through the bottom, g. 
Figures 8-2 and 8-3 are properly 
termed surface carbureters. In the 
former, the Reithman carbureter, the 
gasoline is fed from the reservoir @ in 
drops into the chamber 6, where it 1s 
absorbed by broad suspended wicks. 
From the surfaces of these the gaso- 
line vaporizes, adding itself to the 
air which strikes through chamber 
b on every suction stroke. Chamber 
j is filled with clean gravel or wire 











Fig. 8-2 — Reithman Carbureter. 


screens, to act as a safety device against possible back firing. 
Chamber b is surrounded by a water jacket, the water in . 
which is heated by the exhaust gases passing through the 
tubes d d. 


Zs 
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The Petreano carbureter, Fig. 8-3, will serve for either gasoline 
or alcohol. The exhaust gases pass through a central pipe, 7, 
which is surrounded by a jacket, V. The pipe r has a covering, 
d, of spongy asbestos film which is constantly kept moist with 
the liquid to be vaporized. The 
liquid fuel enters by one open- 
ing in the top, the air by an- 
other. The chamber V has four 
cones, as shown, two of which 
are also partially covered with 
asbestos. By means of these 
cones the fuel vapor and air are 
thoroughly mixed before enter- 
ing the chamber M and finally 
the suction pipe to the engine. 
The small openings, 0, are for 
the purpose of drawing off the 
heavier parts of the liquid, those 
that: vaporize less easily, if there 
be any, in order not to interfere 
with the regularity of carbureting. 

Atomizing or spraying carbureters are, however, much more 
frequently employed, and the following to be described are all of 
this type. 






ZZ , 
42 


Fig. 8-3. — Petreano Carbureter. 





Semi-Sectional 
Seonion ONAB, “Views. 





Angle Pattern. Vertical Pattern. 


Fic. 8-4. — Lunkenheimer Mixing Valves. 
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The simplest design of this type of carbureter is shown in 
Fig. 8-4, which shows two of the Lunkenheimer carbureters. In 
either design, gasoline is furnished through the opening O, and 
its admission to the valve seat of the main suction valve F is 
regulated by the needle valve A. On the suction stroke of the 
engine the valve # automatically lifts, and the air rushing through 
this opening carries with it a certain amount of gasoline flowing 
from the small hole K. It is quite evident that this type of car- 
bureter gives best service on hit-and-miss engines. For any 
other type a varying load would probably cause trouble, as there 
is no automatic regulation of the gasoline supply. 

Still of very simple design, but 
capable of regulation of the gasoline 
supply, is the Sintz carbureter, Fig. 
8-5. The lift of the gasoline needle 
valve b is regulated by the lift of 
the mechanically regulated suction 
valve a. By means of the cock c it 
is possible to admit part of the air 
uncarbureted to the cylinder. 

Figures 8-6 and 8-7 are examples 
of the so-called float-feed type of 
carbureters. 

; The Daimler, Fig. 8-6, is well 
Fic. 8-5.—Sinta Carbureter. known. A float, B, in the cham- 
ber, A, operates a pair of counterweight levers, H, and through 
them the valve spindle, D, which controls the admission of 
gasoline at C, keeping it at a constant level in the nozzle. Gaso- 
line enters at N from a tank under slight pressure or at a higher 
level. O is a cloth filter and the plug P serves to catch any grit 
that may be brought in. The float chamber is vented through a 
small hole in the cap over the valve spindle to relieve any pres- 
sure which may be formed due to varying positions of the float B. 
The action of the carbureter is as follows: At each charging 
stroke of the engine air is drawn into the annular chamber H 
and passes with great velocity through the drop tube F’, surround- 
ing the gasoline nozzle. The gasoline is drawn in a jet from the 
uozzle and, with the air, striking the deflector K, the two are very 
thoroughly. mixed, passing to the engine through M. An aux- 
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iliary air supply can be admitted through the cap at the top, the 
openings through which can be regulated. 














Fia. 8-7. — Abeille Carbureter. 


The Abeille carbureter, Fig. 8-7, embodies the same idea as 
the Daimler. The float B, by operating the lever D, opens and 
closes a needle valve at the lower end of the weighted spindle C, 
to maintain a constant level just below the opening in the nozzle 
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E. On the suction stroke, air enters at H, and rushing up through 
the double cone draws the gasoline from the nozzle, atomizing it 
by striking the perforated cone G. A secondary air supply is 
admitted through the cap L and the holes in G, being regulated 
by the position of the cap L. 





Fig. 8-8.— De Dion Carbureter. 


Of more complicated design, but in principle the same as the 
other float-feed carbureters, is the De Dion, Fig. 8-8. Air is 
admitted through the tube t. By the position of the valve V (see 
horizontal section), which position can be regulated by the lever I 
(see vertical section), part of the air goes directly into the dis- - 
charge pipe t’, while the rest is deflected downward to be car- 
bureted. The course of this latter body of air is indicated in the 
right vertical section by the arrow. The level of the gasoline in 
the nozzle D is again kept constant by the annular float C in the 
chamber H, operating the lever G and through it the valve F. 

It will be noted that none of the atomizing or spraying carbu- 
reters for gasoline so far described are heated in any manner. 
Occasionally, however, we find one in which the atomizing is 
assisted by heat. The W. Hay vaporizer, Fig. 8-9, is of this 
type. Gasoline enters the annular chamber, a a, through the 
pipe d. From this chamber a number of small openings open in 
the seat of the suction valve HZ. Some of these openings 
are provided with adjusting screws as shown at the left. On 


s 
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the opening of EH, the inrush of air atomizes the gasoline flow- 
ing from these small openings, and the current of air and gaso- 
line striking the wings e of the 
fan h, supported on the spindle 
7, sets the fan in motion, thus 
promoting a thorough mixture of 
air and vapor before the fuel 
finally passes through x to the 
admission valve A. The ex- f 
haust gases from B are passed 
through the chamber F, finally 
escaping through the slotted 
openings g. In their passage 
they heat both the gasoline 
storage chamber a a and the 
fan chamber. J 
Occasionally we also find SO 
earbureters which combine the 
several principles of those de- Fie. 8-9.— W. Hay Vaporizer. 
scribed. Thus in the Gautier carbureter, Fig. 8-10, the gasoline 
is admitted through A, the supply being regulated by the valve 
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Fig. 8-10. — Gautier Carbureter. 


K, which opens at the proper moment owing to suction through 
pipe #. Part of the supply falls on to the saucer F’, and from 
there into the reservoir H. Into the liquid at H dipsa pipe G, 
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supported as shown. The air supply through J circulates through 
the chamber L, bubbles through the liquid at H into the chamber 
surrounding the saucer F’, licks up some of the gasoline in the 
saucer, and the mixture finally escapes through E. 

VaporizING DryvicEs FoR CRUDE OIL AND KEROSENE. — 
While it is fairly easy to satisfactorily atomize or vaporize 
gasoline and to maintain the mixture, the thing is a little more 
difficult with kerosene, and much more so with crude oil. In 
either case the agency of heat is required, and this is applied 
either in a separate vaporizer or retort, or the kerosene or crude 
oil is injected directly into the cylinder, the vaporization taking 
place in the combustion chamber. 

One trouble with kerosene is the readiness with which some 
of the vapor is condensed on striking comparatively cool sur- 
faces. This may happen on the mixture striking parts of the 
water-cooled walls. In such a case part of the fuel may go through 
the cylinder unburned, and this is a point that should be care- 
fully guarded against when a special vaporizer for kerosene is 
employed. 

In the case of crude oil, the heating in the vaporizer results 
in the distillation of the lighter products first. The amount of 
vapor formed will naturally be less and less as the distillation 
proceeds, resulting in a constant impoverishing of the fuel mix- 
ture. The remedy would therefore seem to be a constant supply 
of fresh oil and a removal of the old before it has commenced 
to seriously decrease its yield. This is what is actually done 
in some devices. The method, however, naturally results in the 
fact that the plant can only use part of the crude oil. It is 
claimed by some that only 10 per cent of the oil is so withdrawn 
from the vaporizer, but this seems extremely doubtful. 

A crude oil-air mixture is open to the same objection as a 
kerosene mixture as regards condensation of some of the heavier 
hydrocarbons and consequent loss. Both of these mixtures are 
also subject to cracking; that is, a breaking up of the heavier 
hydrocarbons into the lighter with a consequent deposit of carbon. 

For large power plants the best solution in the case of crude 
oil would seem to be the use of some type of oil-gas producer. 


Some of these are in actual use along the Pacific coast, and will 
be described later. 
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Figure 8-11 shows the kerosene atomizer used on the Hornsby 
engine. With it is combined the regulating valve. Kerosene 
is pumped up through the lower right-hand pipe in the sectional 
cut. The governor regulates through ¢ the position of the over- 
flow valve b, the surplus kerosene flowing back through d to the 
reservoir. The kerosene at the moment demanded by the engine 
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Fie. 8-11. — Hornsby-Akroyd Atomizer. 


is forced by the pump through the plug a, issuing from its end in 
a fine spray. This plug is kept cool by a water Jacket as shown. 

Another atomizing kerosene carbureter is 
the Gibbon, shown in Fig. 8-12. In this a 
valveless pump x w, actuated by a cam, 
injects kerosene from the tank up through 
the atomizing opening into the chamber U. 
This is furnished with wings, U’, to pre- 
sent a larger surface for heating. Chamber U’ 
is directly connected with the combustion 
chamber, and is surrounded by a light case 
to prevent radiation. At the start it is 
heated by a lamp, but after a short period 
of operation the charge ignites by compres- 
sion, as is the case also in the Hornsby 
engines. 

In the Crossley vaporizer, Fig. 8-13, a 
certain fixed amount of oil is measured and 
drawn into the vaporizer by the air on the Pree a Gibbon 
opening of the valve. In this-case ignition Kerosene Vaporizer. 
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is produced by means of a hot tube, and the engine is of course 


governed on the hit-and-miss system. The lamp heating the hot 
tube at the same time heats the vaporizer. 
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Fic. 8-13.— Crossley Vaporizer. 


The Priestman engine is designed for either crude oil or kero- 
sene. Its vaporizer is shown in Figs. 8-14 and 8-15. Oil is ad- 
mitted to the spraying nozzle K from a reservoir under pressure. 


VAPORISER 





Fig. 8-15. — Priestman Vaporizer. 


GAS-ENGINE FUELS 195 


The pump furnishing the air for this purpose also furnishes air to 
the annular space J, surrounding the nozzle K, for the purpose 
of atomizing the oil. The finely divided oil enters the vaporizer 
chamber and, mixing with the larger body of air admitted on 
the suction stroke to the vaporizer chamber through the valve L, 
passes on to the cylinder. The vaporizer chamber, Fig. 8-16, is 
heated by the exhaust gases passing through the jacket space C, 
thus vaporizing the oil spray in its passage. On starting, the 
vaporizer chamber is heated by a lamp whose hot gases pass 
through the jacket spaces d. The governor, by regulating the 
position of the plug valve H, regulates at the same time both the 
oil and the air supply to the vaporizer. 

A crude oil vaporizer quite extensively used on the Pacific 
coast is the ‘‘Kconomist” retort, Fig. 8-16. This consists of 
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Fic. 8-16. — “ Economist ”’ Crude Oil Vaporizer. 


two concentric shells as shown. In the jacket space between 
them the engine exhaust gasés are circulated to furnish the heat 
for vaporization. The inner drum is slowly rotated upon its axis, 
as shown by the gearing at the right, and it is furnished on the 
interior with a continuous spiral rib. The crude oil is admitted 
through the central pipe at the left. By the rotation of the 
drum it is carried up the sides, turned over and over, thus 
exposing a thin sheet all the time to the action of the heat, 
which is most favorable for complete vaporization. At the same 
time, owing to the action of the spiral rib, the oil is slowly carried 
forward through the drum. The residue is finally discharged 
through an outlet at the right, in a manner not clearly shown. 
The makers claim that during the progress of the oil through 
the drum the temperature is maintained just high enough to 
get all the gas from the oil. The method of regulation by this 
device is not clearly stated. If it is done by regulating the oil 
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supply to the retort according to the load, there would be con- 
siderable lag in the regulation; if done by reeulating the air 
supply through the retort there would be a large variation in 
the composition of the mixture. An auxiliary air supply between 
generator and engine would help, but whether this is used or not 
is not stated. 

Retorts as above described are made up to from 125 to 150 
horse-power. Beyond this they become unsatisfactory, and 
other devices have to be employed. The one that seems to 
promise best at present is an oil-gas generator of the type of the 
Lowe. 

The principle of the Lowe system is to heat up to a very high 
temperature a mass of firebrick checker work contained in a fire- 
brick-lined steel shell, by means of a crude oil-air blast.. When 
the desired temperature is reached the chimney connection to 
the generator is closed off, and crude oil and superheated steam 
in an intimate mixture are sent down through the highly heated 
checker work. The result is the formation of an impure oil 
water gas with a good deal of lampblack as a by-product. This 
by-product may be utilized as fuel to furnish the power necessary 
for blowing engines, etc., around the plant. The gas itself is 
washed in the ordinary manner, and is a high-grade gas of good 
illuminating power. The production of this gas is therefore 
carried on in the two stages, a heating-up period and a period of 
make. From published figures the efficiency of these oil-gas pro- 
ducers is as yet not very high. In the Journal oj Electricity, 
Power and Gas, September, 1904, a consumption of 11.22 gallons 
of oil per 1000 cubic feet of gas made is given as the average 
for one plant for July. Other plants have shown 9 and 10 gal- 
lons per 1000 cubic feet of gas of about the same heating value. 
Assuming the crude oil to weigh 7 pounds per gallon, its heating 
value at 19000 B. T. U. per pound, and the heating value of the 
gas at 650 B.T. U. per cubic foot, the efficiency of generation 
on cold gas would be for the most favorable case above given 


1000 650 
9X7 19000 54.3 7% 


VaporiziInc Drvicrs ror ALconot. — The alcohol engine 
has perhaps received its greatest development in Germany. 
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It is for that reason that we shall have to turn to the literature of 
that country for the best and latest information on the details 
of alcohol engines. : 

The following material is a reprint from an article published 
by the writer on the alcohol question in Marine Engineering, 
June, 1906. The information is mainly due to the work of E. 
Meyer and of. A. Schdttler, also to the discussion of Guldner, 
Diesel, and others. * 

Regarding the formation of the fuel mixture with alcohol, it 
is found that it is less volatile than gasoline, but easier to handle 
than kerosene. In nearly all of the vaporizing devices for alcohol 
now on the market, the agency of heat, usually the exhaust heat 
of the waste gases, is used to aid in the formation of the mixture. 
This scheme has the drawback that no heat is available at the start 
when the engine is cold. To avoid an open flame for the purpose 
of heating the vaporizer at the start, which is both dangerous 
and cumbersome, the engines in most cases are started with gaso- 
line, and when, after a few strokes, enough heat is available, the 
change is usually made by throwing over a single lever. In 
tests of ten different engines made by Meyer, it was shown that 
this change to alcohol could be made in the slowest case in 6 
minutes and 40 seconds, the time of the fastest being 55 seconds. 

Based on the manner of heating the vaporizer, we can dis- 
tinguish the following classes: 

1. Those in which no heat is employed. 

2. Those in which the air is pre-heated. 

3. Those in which the mixture is heated.and superheated. 

Of the first type is the Deutz, Figs. 8-17 and 8-18. When the 
engine is regulated by the throttling method, and not by the 
hit-and-miss system, it has been found that no pre-heating of 
air or fuel mixture is required. The reason for this is un- 
doubtedly that in a hit-and-miss engine, under less than normal 
load, a succession of misses cools the cylinder down so far as to 
throw down some of the alcohol vapor on the next explosion, 
unless it is superheated. The Deutz engine is governed by 
throttling. The inlet valve / is actuated, through the levers 


* E. Meyer, Zeitschrift d. V. d. I., 1903, pages, 513, 600, 632, 669; R. 
Schottler, Zeitschrift d. V. d. I., 1902, pages, 1157, 1223; H. Giildner, Zeit- 
schrift d. V. d. I., 1902, page 623; Diesel, Zeitschrift d. V. d- I., 1903, page 
1366. 
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shown, by the cam a, which is of taper form and under the 
control of the governor Fig. 8-17. Upon the position of a 
depends the length of time the valve 
j is open. Through the bell crank 
ce de the cam also acts upon the 
plunger of the fuel pump h, operat- 
ing in such a way as to cause suction 
during the first part of the cam 
movement, and pumping of the 
liquid during the second. Thus the 
fuel is injected during the second 
Fig. 8-17.— Deutz Aleoho! half of the suction stroke only, insur- 
Vaporizer. ing a rich mixture around the igniter. 
The alcohol is forced through the sprayer or atomizer 17, 
Fig. 8-18, into the current of air which enters through the 
valve k. Thus no pre-heating what- 
ever is done, but the atomizing is 
thorough; and the ports into the 
cylinder are as direct and short as 
possible, hence no vapor is thrown 
down. 

The Altman vaporizer, Fig. 8-19, 
is of the second class. The air pipe 
-a—b is surrounded at its lower end 
by the exhaust pipe; the air is thus 
pre-heated by the exhaust gases. 
A regulating valve for the air is 
placed at e. This, when drawn up- 
ward, decreases the amount of air 
passing, but always makes the air 
current strike through the upper part Fie. 8-18.— Deutz Alcohol 
of the pipe, in this manner directing Naponae 
it always against the fuel nozzle d. The inlet valve c is 
operated by the lever /, actuated by the cam 1, through the 
pendulum hit-and-miss governor 0 mp. This valve lever / at the 
same time opens the fuel valve d, through the reach rod shown and 
the finger h 7, Fig. 8-21. How this is done is shown in Fig. 8-20. 
The lever 7, on being depressed, forces down the point of the screw 
k, thereby turning the reach rod about its axis, which depresses 
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the point 7, Fig. 8-21, opening the valved. The amount of opening 
depends upon the position of the screw k, and this can be very 
finely adjusted by the worm and wheel arrangement shown. In 
this vaporizer the fuel supply is atomized partly by the current of 
air, and is afterwards vaporized by the heat of the pre-heated air. 
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Fig. 8-20. Fie. 8-21. 


The following three vaporizers are of the third class. Fig. 8-22 
shows the Swiderski-Longuemarre. Here also the exhaust gases 
are used for heating. They pass through the annular chamber a, 
and their action is aided by the radiating webs bb. The float d 
maintains a constant level in the supply chamber. From this 
chamber the flow of alcohol is regulated by the needle valve /. 
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The liquid flows into the space g, and overflows through a num- 
ber of small openings hh. Air entering through 7 is made to 
pass partly outside, partly inside, the concentric spaces created 
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Fie. 8-23.— Dresden Aleohol 
Vaporizer. 
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Fia. 8-24. — Dresden Alcohol 
Vaporizer. 


GAS-ENGINE FUELS 201 


by the sleeve k. The amount of air passing outside is regulated 
by the openings n n which are controlled by the lever 1. The air 
currents passing upward carry along with them some of the liquid, 
the mixture being heated by the exhaust gases in a. The per- 
forated plate o tends to aid in forming a uniform mixture. 

The vaporizer of the Dresdener Gasmotorenfabrik is shown in 
Figs. 8-23 and 8-24. In this case the warm cooling water of the 
engine is used for heating. It enters the water space at zx, Fig. 
8-24. On very cold days the vaporization may be assisted at 
the start by pouring some hot water into the funnel a. Air enters 
at y, 8-23. The inlet valve 6 is automatic. It may be pushed 
down at will at the start by pressing down on the projecting stem 
c. The downward movement of the inlet wave opens the fuel 
valve d, to which alcohol is furnished through the needle valve 
e, Fig. 8-24. Through a number of fine openings the fuel flows 
into the current of air and is carried along with it, the thorough 
mixing being assisted by the current 
striking the coneg. As will be seen 
from the drawing, the heating of the 
charge cannot be very high. In the 
first place only the comparatively cool 
jacket water of the engine is used, 
and secondly the mixture itself is not 
in the heated chamber for any length. 
of time. ia 

In contradistinction to the Dresden 
vaporizer, the Dir, Fig. 8-25, pro- 
duces a highly heated mixture. Air 
enters at «x and its amount is regu- 
lated by the throttle valve a. The 
inlet valve b is automatic. Alcohol 
is supplied through the needle valve 
c, aS shown, so that when b is closed 
no flow of alcohol takes place. The 
current of air charged with alcohol 
particles passes down through d, up 
the annular space e, and out at y to 
the cylinder. The exhaust gases enter 





Fie. 8-25. — Dirr Alcohol 
at z, and by means of baffle plates i oe oye 
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are made to take the course shown by the arrows, through the space 
jf. Further, the space e is filled with a large number of metal 
spirals, which connect the outside wall of e with its inside wall, 
thus furnishing a large heated surface to the passage of the charge, 
and facilitating the transfer of heat from the space / to the 
space d. Every possible way is therefore made use of to apply 
the heat of the exhaust gases, and this vaporizer therefore fur- 
nishes a mixture more highly superheated than that of the 
others. 
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Fic. 8-26. — Gasoline-Aleohol Vaporizer. 


Finally, Fig. 8-26 shows what may be called a double float 
carbureter, which is the form that alcohol vaporizers are likely 
to take. This is used on the Marienfelde machines. Assume 
that the chamber a is used for gasoline, b for alcohol. The needle 
supply valves can be held closed by the springs c and d, as shown. 

On starting with gasoline, the chamber a is used. Spring ¢ 
is pushed aside so that fuel can enter, being kept at constant 
level by the float. The valve g is so set that the path is open for 
the air from h past the gasoline nozzle e, through g into the 
cylinder. At every suction stroke the in-rushing air is then 
‘charged with gasoline issuing in a small jet from e. If it is de- 
sired to change to alcohol, spring c is pushed into place, spring d 
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is pushed aside, and valve g is thrown over into the position 
shown in Fig. 10, all the work of a moment. The air supply to 
this vaporizer is pre-heated. 

It is quite evident from an examination of the vaporizer above 
described that the final temperature of the mixture is very differ- 
ent in the different devices. Upon this temperature, however, de- 
pends in a great measure the only other point of difference between 
gasoline and alcohol engines, 7.e., the amount of compression. 
All other things being the same, that fuel mixture entering the 
cylinder at the highest temperature will soonest give rise to pre- 
ignition, or at least to pounding, under an increase in compression. 
High temperature of charge also effects engine capacity unfavor- 
ably. It therefore becomes important to determine approxi- 
mately the lowest practical temperature of vaporization, and the 
heat necessary. 

Of course the amount of heat required depends upon the 
amount of alcohol (and its purity) per pound or cubic foot of 
air. Assuming that 90 volume-per cent alcohol is used, the 
theoretical amount of air required for perfect combustion is 7.8 
pounds. Assuming that an excess of 50 per cent of air is used, 
which is a desirable allowance, 1 pound of 90 per cent alcohol 
would require in round numbers 11.7 pounds of air. With the 
air temperature at 60 degrees Fahrenheit, and the atmospheric 
pressure 14.7 pounds per square inch, this amounts to 0.0065 
pound of 90 per cent alcohol per cubic foot of dry air. 

90 (volume) per cent alcohol is equivalent to 87.7 (weight) 
per cent, so that 1 pound of air will carry, according to the above 
assumed ratio of mixture, 

0.877 X a = 0.075 pound of absolute alcohol, 


and 0.123 a = 0.010 pound of water. 


To compute the air temperature required so that it may take 
up the above quantities of alcohol and water vapor, we must 
know the relation between the teniperature and the degree 
of saturation. Meyer in his computations used the data 
contained in the Physikalisch-Chemische Tabellen of Landoldt & 
Bornstein. 
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Vapor Tension 1 pound of air contains in saturated 
Inches Mercury condition, in pounds 
By At 28.95 inches At 26.05 inches 
a2 Hg. Press. Hg. Press. 
32 Alcohol Water 
Bt vane ae Alcohol Water Alcohol Water 
eH Vapor Vapor Vapor Vapor 
50 0.950 0.359 0.055 0.008 0.061 0.009 
59 1.283 0.500 0.075 0.011 0.084 0.013 
68 1.733 0.687 0.104 0.016 0.117 0.018 
The 2.325 0.925 0.144 0.022 0.162 0.025 
86 3.090 1.240 0.200 0.031 0.227 0.036 
104 5.270 2.162 0.390 0.063 0.450 0.072 
122 8.660 3.620 0.827 0.135 1.002 0.164 








For our purpose the figures of the table have been transposed 
into English units. 

In the ordinary case the air drawn into the vaporizer is not 
dry, but contains a certain quantity of water. Assume that the 
air is at a temperature of 59 degrees and just saturated. At a 
pressure of 26.05 inches of mercury this would correspond to 
0.013 pound of water per pound of air in its initial condition. 
Now in the case of the average mixture above computed, the tem- 
perature of vaporization must be high enough to vaporize an 
additional 0.010 pound of water, making the total 0.023 pound 
that the air must contain per pound. It is seen from the table 
that a temperature of 77 degrees is quite sufficient to do this. 
It is also seen that at. this temperature the air may take up 0.162 
pound of absolute alcohol, while the quantity in the above mixture 
is only 0.075 pound per pound of mixture. At a tempera- 
ture of 77 degrees the mixture ready for the cylinder may there- 
fore contain the alcohol vapor in a state of some superheat. If 
therefore the temperature of the walls with. which the mixture 
comes in contact is not less than 77 degrees, no fear of condensa- 
tion of alcohol vapor need be entertained. In this connection 
a statement in the Engineering Record is of interest. It is there 
claimed that the consumption of aleohol with the jacket water 
leaving at 60 degrees Fahrenheit is 100 per cent higher than with 
jacket water leaving near 212 degrees; 7.e., with cooling by 
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vaporization. In the light of the above facts, some such increase 
in the consumption is quite possible. 

In order to convert the liquid alcohol into vapor, a certain 
quantity of heat is required. According to Regnault, this amount 
is, for the various temperatures given, and computed above 32 
degrees Fahrenheit, as follows: 


At 32° F 425.7 B. T. U. per pound 
68° F 453.6 B. T. U. per pound 
122° F 475.2 B. T. U. per pound 
212° FF 481.1 B. T. U. per pound 


The specific heat of liquid alcohol is close to 0.6, so that in 
order to convert the quantity of 90 volume-per cent alcohol con- 
tained in the assumed mixture to alcohol vapor at 77 degrees 
Fahrenheit would require approximately, assuming the liquid 
alcohol at 60 degrees Fahrenheit, 0.075 [458 — (28 X 0.6)] + 
(0.010 X 1100] = 44.1 B. T. U., where 1100 B. T. U. is assumed 
as the heat of vaporization of water under the existing conditions. 

Now the heating value of 90 volume-per cent alcohol has been 
shown to be 10080 B. T. U. per pound, so that the heating value 


on one pound of our assumed mixture will be 0.075 X 10080 = 
44.1 


75 

= 5.8 per cent of the heating value of the fuel. It can be shown 
that the amount of heat is easily obtainable from the exhaust 
gases. It can also be shown that the problem may be solved by 
pre-heating the air only, for, assuming that the specific heat of 
air at constant pressure is 0.238, we would have to pre-heat the 
44.1 
.238 





756 B. T. U. The heat of vaporization required is therefore 


air for the assumed mixture to + 77 = 262 degrees Fahren- 


heit, which is easily possible. 

Tf, on the other hand, not the air but the mixture is heated, 
then the walls need to have a temperature only sufficiently higher 
than 77 degrees to transfer the required amount of heat for vapori- 
zation to the mixture in the time available. To furnish more 
heat than this is harmful, if anything, for it affects unfavorably 
both the possible degree of compression and the capacity of the 
machine. The cooler the mixture after formation and vaporiza- 
tion, the better. 


CHAPTER IX 
GAS-ENGINE FUELS: GAS FUELS 


OursipE of producer gas, which has been treated in a previous 
chapter, the gases used for gas engine fuel are: 

1. Illuminating gas. 2. Oil gas. 3. Coke oven gas. 4. 
Blast furnace gas. 5. Acetylene. 6. Water gas. 7. Natural 
gas. 

1. Illuminating Gas. — Illuminating gas is made by dis- 
tilling bituminous coal in retorts. From 100 pounds of average 
coal are obtained about 850-1000 cu. ft. of cooled gas, 50-70 lb. 
of coke, 4.25-4.75 lb. of tar, and 8-10 lb. of ammonia liquor. 
Each 100 pounds of coal also require about 20 pounds of coke 
for the heating of the retort. 

The composition of the gas varies constantly somewhat even 
in the same plant. The average composition is about 45-48 per 
cent by volume of hydrogen, 35-88 per cent CH,, 5-8 per cent CO, 
and the rest heavy hydrocarbons, oxygen, nitrogen, and carbon 
dioxide. The gas owes its illuminating power to the heavy 
hydrocarbons it contains. Its heating value, however, is not 
proportional to its candle power. To determine the heating 
value the best way is to use a calorimeter. It may, however, 
with sufficient accuracy be computed from the analysis of the 
gas. Varying somewhat in this same locality, the average lower 
heating value is probably not far from 600 B. T. U. per cubic foot. 
Its density averages about .4, air being 1.0, its average weight 
per cubic foot, therefore, being not far from .032 Ib. 

The following table shows a few typical analyses of illuminat- 
ing gas.* 

* Mostly from Poole, the Calorific Power of Fuels. 
206 
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B.T.U. 

H CH, |Hydro-| Co co | o N Se 

Ree iearbonsin, He 

Newton, Mass. ...... 50.59 | 34.80] 5.23/1.16| 6.16| —| 2.06] 599 
@leveland oo)... oe. 34.80 | 28.80 | 11.20] .20] 10.40] .40/ 14.20! 657 
Baion 620 ae 47 AO V 3867 ||" 6.21) 1.04) 6.74 | — | 95) 651 
Cineinnati oo. .c6h.« 45.85 | 39.26! 5.17] .821 4.78|.41| 3.71] 645 
Birmingham ........ 40.23 | 39.00} 4.76|1.50| 4.05] .36/10.10| 671 
Glascow 15.2055... 39.18 | 40.26 | 10.00| .29| 7.14].06| 3.0 | 8302 
Liverpool ..2....2005 36.44 | 44.28] 7.90|1.70| 3.39|.19| 6.10] 7921 
Hanover ............ AG 2713755 05 3.17 | BVA |=) 101 eat 
Beri ee 50.10 | 33.10| 5.80} 1.50] 6.30|.50| 2.70] 667 
INVETASO 2 cde len | 43.44 | 37.30| 6.49 11.00! 6.68 .32|5.77'| 686 








2. Oil Gas. — Oil gas is made by vaporizing and superheat- 
ing crude oils. It may be made by vaporizing these oils in retorts 
which are externally heated, as in the case of the Pintsch method, 
or the manufacture may be carried on as in the Lowe process, in 
which, as previously described, the generator is first internally 
heated by burning crude oil, the oil to be gasified being then sent 
into the heated chamber together with steam under exclusion of 
alr. ; 

Pintsch gas, much used for railway car illumination, contains, 
according to Gildner,* . 

17.4 per cent C,H,, 58.3 per cent CH,, and 24.3 per cent H by 
volume. 

Another gas obtained from a by-product paraffin oil showed 
the following composition by volume: 

28.9 per cent C,H,, 54.9 per cent CH,, 5.6 per cent H, 8.9 per 
cent CO, and 9 per cent CO,,. 

Oil gas as made by the Lowe process is a water gas; the com- 
position will therefore show much more H than is indicated in the 
above analysis of Pintsch gas. 

Wyer ¢ in his Gas Producer gives the following figures: 

32 per cent H, 48 per cent CH,, 164 per cent C,H,, 3 per cent 
N, .5 per cent O.. 


' Values evidently too high. 
* Giildner, Entwerfen und Berechnen der Verbrennungsmotoren. 
{ Wyer, Producer Gas and Gas Producers. 
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Giildner estimates that the yield of gas from 1 pound of oil in 
the Pintsch process is from 7-10 cu. ft. of cooled gas, about .75 
lb. of coke being used in the same time for heating. This amounts 
to about 100 Ib. of oil or about 14 gallons of oil per 1000 cu. ft. 
of gas, in the most favorable case, as against 9-10 gallons per 1000 
cu. ft. in the Lowe process. The heating value per cubic foot of the 
Pintsch gas, however, is higher than that of the Lowe in the ratio 
of about oe so that on the basis of thermal efficiency the two 
methods of making oil gas are probably not very far apart, with 
the chances in favor of the Lowe system on account of the coke 
used for heating in the other system, which must, of course, be 
considered in making thermal calculations. 

3. Coke Oven Gas. — Coke oven gas when made in the old 
type Bee-hive oven is fundamentally the same as illuminating 
gas. Compare the following analysis given by Wyer of a sample 
of this gas with the average analysis given for illuminating gas 
on page 208. 

H, 50.0 per cent; CH,, 36.0 per cent; C,H,, .4 per cent; N, 2 per 
cent; CO, 6 per cent; O, 5 per cent ; CO,, 1.5 per cent. 

When made in modern by-product ovens, however, the gas 
yield is sometimes divided and that part of the gas used for fuel 
has a somewhat different composition. From a diagram published 
by the United Coke and Gas Company of New York,* it appears 
that the gas evolved during the coking of the charge in a retort is 
divided into two parts. The entire coking period covers nearly 25 
hours. The gas evolved during approximately the first ten hours, 
called the surplus or rich gas, is separated from that made during 
the rest of the period, called fuel gas. The surplus gas is high in 
illuminating power and in heating value, approximately 720 
B. T. U. per cubic foot. The fuel gas has an average heating value 
of about 560 B. T. U. per cubic foot. The figures quoted are for a 
medium volatile coal. The rich gas from a ton of this coal in an 
actual case amounted to 4300 cubie feet, which was 46 per cent 
of the total yield per ton, this part of the gas carrying 52 per cent 
of the total heat value of the gas. A ton of this coal therefore 
yields about 9400 cu. ft. of gas. 

The same treatise above quoted gives the following gas 


* The United Otto System of By-product Coke Ovens. 
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analysis for a coal carrying from 30-32 per cent of volatile 
matter: 








Illuminating 











or Rich Gas| Fuel Gas 

Tyamante SG cia. Aer ae BE eee, 5.8 2.8 
Oe et Ah Ns ee eta ee ie 40.8 29.6 
Peer aac Panes ee ee eee. |. = 37.6 41.6 
ee Meet ret tA eds ee Pen en he ah tek 5.6 6.3 
CO, eer ere ener Rae eect cet. er A On 3.7 3.2 
SE Sates oe SMe ce ee ON tee, A A 
Beet ee ere edge sen Ee oe REE 7 Te eT ge 6.1 16.1 

100.0 100.0 
BTW. per ew. ff. higher value... .. 6. .<¢-..04 +; 730.3 551.3 








Where no illuminating gases are desired the entire gas yield 
is recovered together. The gas is excellent for power purposes 
except for the somewhat high percentages of H which render the 
fuel mixtures liable to pre-ignition under high compression in the 
cylinder. 

4. Blast Furnace Gas. — The blast furnace is really a large 
gas generator, with the difference that to the charge of fuel is 
added the burden of ore and of flux, and that the blast is air alone 
without admixture of steam. Owing to the calcination of the 
flux, which is limestone ordinarily, and to the fact that no steam 
is used, the gas is high in CO, and contains little H, the main 
combustible being CO. This gas had been used a long time in 
hot blast stoves for blast heating and under boilers to produce 
steam for power purposes around the works. It was Thwaite in 
England and Liirman in Germany who about twenty years ago 
called attention to the fact that this gas, although low in heating 
value, could be readily burned in gas engines when suitably com- 
pressed. The credit of having carried out this idea first on a large 
scale belongs to the Société Cockerill of Seraing, Belgium, who 
about 1898 put a 150 horse-power engine using this gas into 
operation. 

It is estimated roughly that for every ton of pig iron produced 
one ton of coke is required, the combustion resulting in about 
5 tons of gas. Taking a furnace, therefore, with an average daily 
capacity of 200 tons of pig iron, the gas available per hour amounts 
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to about 41.6 tons or 1,000,000 cu. ft. Estimating that 500,000 
cubic feet are necessary for the operation of the hot blast stoves, 
this leaves 500,000 cu. ft. available, which if directly used in gas 
engines would develop about 5000 I. H. P. Of this amount 1000- 
1200 horse-power are probably required for power purposes 
around the furnace, leaving from 3800-4000 horse-power avail- 
able for other work. The same amount of gas, if used under boilers, 
would have resulted in only about 1200 boiler horse-power, or 
perhaps about 2400 horse-power total in steam engines, leaving 
1200 horse-power available for other purposes. 

The composition and heating value of blast furnace gas natu- 
rally varies somewhat in different furnaces, and even in the same 
furnace under varying accidental conditions of operation. A large 
number of determinations led M. Witz * to the conclusion that 
the average heating value of a standard cubic foot was 110 B. T. U. 
and that it very rarely fell below 95 B. T. U., or rose above 118 
BrieU. 

The average composition of the gas, according to Ledebur, 
appears to be 





% by Volume by Weight 


COR bie care be tie ae oiteadia fin aera heen one Cana 24.0 24.0 
CO ae aeke sind ls 2 tigate. CRIS oh toaosagh ena et One care ees 12.0 17.0 
Hea Je56 seaect Mele home Mee aes oes Brestnen en ad eons 2.0 2 
CEs ee ae ea eh tre roe See 2.0 8 
CIN: shoe Ober rrueues oe SRR oe eee aR Rr Cera 60.0 58.0 








The above analysis shows no water vapor, some of which is 
present in the gas as it leaves the stack, and it therefore probably 
refers to cleaned gas. It is apparent that it is an excellent gas 
for internal combustion engines. Its low content of H makes it 
suitable for high compressions, thereby overcoming any objec- 
tion that may be made regarding its low heating value and 
difficulty of ignition. 

The most serious trouble encountered in the use of blast fur- 
nace gas is the fact that it carries more or less dust, which renders 
cleaning of the gas imperative before use in engines. It is also 
apt to carry metallic vapors, which do not, however, become 


* Moteurs & Gaz et 4 Pétrole, p. 267. 
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harmful until after combustion in the cylinder. The amount of 
impurities carried depends altogether upon the kind of ore re- 
duced in the furnace. In some cases it is so slight that the ordi- 
nary dust settlers combined with a scrubber of some sort are 
quite sufficient to reduce the amount to below the allowable 
limit. This is, however, the exception, and the fact that the gas 
must be cleaned, and thoroughly cleaned, cannot be emphasized 
too strongly. 

It is comparatively easy to take out the coarser dust carried 
by the gas by appliances which have long been in use for this 
purpose to prepare the gas for stoves and boilers. The fine dust, 
however, causes more trouble, and special cleaning apparatus is 
necessary to reduce the amount carried. 

The ordinary method of procedure is to give the gas a prelim- 
inary cleaning by allowing the coarse dust to settle. The fine 
dust, together with the water vapor and the metallic vapors, are 
then taken out by passing the gas through washers, of which 
there are various forms, as spray towers, centrifugal fans, ete. 
Coke scrubbers are not satisfactory on account of clogging 
up by the dust which soon takes place. . A dry scrubber, 
filled with sawdust or shavings, is sometimes used to complete 
the outfit of cleaning apparatus. The amount of water used 
in the washers varies with different types. It may be from 
5-50 gallons per 1000 cu. ft. of gas cleaned, depending upon 
the efficiency of the apparatus. The amount of dust 
finally carried by the gas should not be higher than about 
.2 grains per cubic foot. a 

5. Acetylene. — It is only in recent years that the means 
for making acetylene gas in any quantity were found. To-day 
calcium carbide is made in quantity in the electric furnace. The 
gas is produced by decomposing this carbide by means of water, 
as per following reaction: 


CaC, + 2 H,0 = CH, + Ca0-H;0 


The generators employed usually regulate the amount of water 
supplied to the carbide receptacle. The gas is led to a holder, 
which by the position of its bell regulates the water supply. The 
amount of gas produced per pound of carbide should be theoreti- 
cally 5.45 cu. ft. of dry acetylene gas. Owing to impurities, how- 
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ever, this is usually reduced to about 4.8 cu. ft. Combustion of 
this gas takes place according to the formula 


CH, 4.50 = HOse ou. 


Its heating value is 20673 B. T. U. per pound, or 1499 B. T. U. 
per cubic foot lower value. 

The gas is distinguished by low temperature of ignition, lower 
than that of H, approximately 865 degrees Fahrenheit, high 
velocity of flame propagation at the best ratio of air to gas, about 
12 to 1, and high maximum temperature of explosion owing to 
the high heating value. The first of these, low-ignition tempera- 
ture, leads to pre-ignition and requires the use of comparatively 
low compression pressures. 

6. Water Gas. — The theory of the production of water gas 
has been already outlined in a previous chapter. The average 
composition of the gas may be taken to approximate by volume 
42 per cent CO, 44.5 per cent H, 3.5 per cent CO,, the rest being 
O and N. 

In medium sized well-handled generators each pound of coke 
will yield about 32 cu. ft. of gas, each pound of good anthracite 
coal from 24-30 cu. ft. The average lower heating value of the 
gas may be taken at 290 B. T. U. per cu. ft. 

7. Natural Gas. — Natural gas is found in many parts of 
the world. It has, however, perhaps received the most extended 
use as a fuel for power in the United-States. It is there found in 
New York, Pennsylvania, Ohio, Indiana, West Virginia, Kentucky, 
Tennessee, Colorado and California. This gas is not of constant 
chemical composition in the different wells, and not constant 
even in the same well. Marsh gas, CH,, however, is nearly always 
the main constituent. According to Poole, the Ohio and Indiana 
fields yield a gas of the most constant composition. The follow- 
ing is the composition at Findlay, Ohio, and is typical of the 
field. 


H CH,  -€,0, 7 200 30> cue N HS 
1.64 93.35 30 39 = 41 25 3.41 .20 per cent by vol. 


The above composition, however, is sometimes radically 
changed. Thus a gas well near Pittsburg changed the composi- 
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tion of the gas in three months from 9.64 per cent H to 35.92 per 
cent H, mostly at the expense of Marsh gas. 

’ The heating value of this gas is high, the above Findlay gas 
showing a lower heating value of 962 B. T. U. per cubic foot as com- 
puted. It is a good fuel for gas engines, as it is cheap and not 
very liable to pre-ignition when the hydrogen is low. It is, how- 
ever, of decreasing importance on account of the gradual failure 
of the supply. 

The following table, and Fig. 9-1, give a recapitulation of the 
most important data for the fuel gases most often found in gas 
engine practice. It is to be remembered that the figures given 
represent approximate average results only, but for rapid calcula- 
tion they are sufficiently accurate. 


AVERAGE APPROXIMATE Data FOR FuEL GASES 











Wt. per Lower Least air 
cu. ft. Heating | required for 
No. Standard |Density| Value Combustion 
Kind of Gas in Air=1 | per cu. ft. cu. ft. 
pounds B.T.U. | per cu. ft. 
P ilanamatiio CAs 2.2 ort 2 032 40 565 5.25 
aA MY AN PAB ee Isto iae eee ee 045 5D 950 9.10 
BS Bine Water Pasian c ar. 3c. a O57 ff 290 2.45 
Seagate MUBO crac. trea 2 be hae 5--| | 056 70 1000 9.50 
Re 1OU eas) LGwe ccsnc te Hledst “...| .040 49 650 7.75 
i ICOKE OVEW PAB sms soca cia a 029 36 545 5.00 
7 |Producer gas from coke ........ 075 93 135 1.00 
8 |Producer gas from anthracite ....| .065 .80 145 1.15 
9 |Producer gas from soft coal...... .073 .90 145 1.25 
10 |Blast furnace gas.......+.%..-.-- .O79 98 100 -70 
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CHAPTER X 
THE FUEL MIXTURE, EXPLOSIBILITY, PRESSURE, TEMPERATURE 


1. Explosibility.— When we mix a combustible gas or 
vapor with air there result explosive mixtures if certain ratios 
of air to gas are used in each case. For each of these various 
mixtures the products of combustion attain certain pressures 
and temperatures under the same conditions. It is also found 
that the time interval between ignition and attainment of highest 
pressure varies with the ratio of mixing, 7.e., that the velocity of 
flame propagation differs. 

That mixture in which just enough oxygen is present to com- 
plete the combustion of the charge of gas or of vapor shows the 
highest explosive pressures and temperatures, and also very 
nearly the highest velocity of flame propagation. Queer, and as yet 
not explained, is the fact that according to Clerk the highest 
velocity of propagation is found when the gas is a little in excess 
of the theoretical ratio in the mixture. 

As the proportion of oxygen or of air is decreased from or 
increased beyond the theoretical amount for complete combus- 
tion, the resulting maximum pressures and temperatures are not 
so high, the explosion occurs more and more slowly, until, at the 
outside limits of explosibility, it approximates slow combustion. 

There is therefore a range of mixtures for each gas and vapor 
in which range the mixture is explosive. When there are con- 
stituents present other than those resulting from mixtures of gas 
or vapor and air, such as burned gases, the results are again modi- 
fied. 

The following table shows the volume of air required per 
cubic foot of various gases, under standard conditions, for com- 
plete combustion, 7.e., for what might be called the true explosive 
mixture. To facilitate computation to a weight basis, a column 
giving the density of the gases or vapors with air = 1 = 0.08072 

215 


216 INTERNAL COMBUSTION ENGINES 


pounds per cubic foot standard is added. The table also shows 
average heating values, and finally the heating value of the true 
explosive mixture. It will be noted that the heating values of 
the mixtures show much less difference than do the gases them- 
selves. 














Av. lower 
heating 
Vol. of Air| Density | Av. lower value 
for true of gas heating of true 
explosive | Air = 1 value explosive 
mixture | = .08072 of gas mixture 
cu. ft. lbs. BoP Oca be fo, 
per per per 
cu. ft. cu. ft. cu. ft. 
COMES nketee nates a faerie een ena: 2.39 .967 342 102 
PR ies Seed 3 Mectace Pape ca hers trend token enti 2.35 .069 297 89 
Cre a Orc tene erate poet coins eNom Fated one 9.60 .554 952 90 
CSTs oe cee aks Eee p teeter ote 11.75 915 1499 118 
COSED Deas cree ea carase eee Ron rus rete nae 14.10 .974 1564 103 
AV ab Ural Case princes ociae er 9.00 ae 880 88 
SAV tan nN yb DN Oa eet ese eee dtd 5.25 40 560 90 
A Vie WHILE OAS) Rina vanks Sepicuaces eases 2.30 2 290 87 
Av. producer gas from coke ......... 1.00 93 135 68 
Av. producer gas from anthracite .... 1.15 .80 145 68 
Coke-oven Gas... ssecues ssn asdas 5.00 .36 545 91 
Blast-furnace gas) esc... es ees ne .70 98 100 59 











To give volume ratios for the liquid fuels is not so easy, because 
the volume of vapor obtained from a certain weight of a liquid 
fuel is not constant but depends upon the temperature. Experi- 
ments along this line are not numerous. Those made indicate 
that for light and medium heavy oils there is a 200-fold increase 
in the original volume at ordinary temperatures, while the in- 
crease is about 400 fold at the ordinary vaporizer temperature. 
It appears also that for heavy oils a temperature exceeding 
1400 degrees is required to anywhere near complete vaporization. 
This explains in part the difficulty encountered in the use of crude 
oil in vaporizers. With the above increase in volumes the ratio 
of air to oil vapor by volume probably is in most cases between 
25 and 30. 

It is much more usual, however, to calculate the air-liquid 
fuel ratios by weight. This ratio for the petroleum oils is approxi- 
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mately 15, and for alcohol about 9, for the true explosive mixture. 
To get some idea of the heating value per cubic foot of the explo- 
sive mixture the volume added to the air by the vapor is some- 
times neglected. This gives results which are close enough for 
most purposes. In the following table, however, account has 
been taken of the vapor volume by assuming a 300-fold increase 
in the volume of the liquid due to vaporization: 























Average 
Weight of air Average lower 
required Av. Sp. lower heating 
per lb. Gr. heating value 
Liquid Fuel of at value per 
fuel 60° F per lb. cu. ft. 
for true H20 = 1.0 of of true 
explosive fuel explosive 
mixture B.T. U. | mixture 
B.T.U. 
Heavy Paseride, 2... ..a5.: 886 19210 99.2 
Vighis Pa serude (m2. cuee 826 17930 92.0 
Heavy W. Va. crude ....... Approximately 873 18320 94.6 
bight W. Va. erude® 2. 2... ; .841 18400 95.0 
IKETOSCNES c 22 docile 2a ses ws 15.0 lb. .80 18520 95.8 
TAS .69 
Gasoliter cg el tevin c eters ie 19000 97.7 
69° nel 
IBerzGieOe Eqn cas, <0 ds z)e etree 13.4 -866 17190 99.3 
Alcohol, 100 per cent ....... 8.6 194 11664 103.0 
Alcohol, 90 percent ....... 78 815 10080 104.0 
e 














To make sure of complete combustion of the charge, which is 
one of the primary objects, it is not usual, however, to work with 
the theoretic air supplies above computed, mainly because a 
perfect mixture is hardly ever obtained. An excess of air is 
therefore employed in nearly all cases. This acts beneficially in 
several other ways. The maximum explosion temperatures are 
reduced, and pre-ignition is rendered less likely. Especially is 
this noticeable with a gas carrying much hydrogen or with acety- 
lene. The only limit set to the amount of excess air that can be 
used is the limit of the explosive range of the particular gas or 
vapor. But this range is in most cases so wide that in practice 
the limit is rarely reached. Under full load an excess of air of 
from 30-40 per cent is usual, and for the rich mixtures even more 
may be used. This excess decreases the heating value of the 
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mixture correspondingly below those computed above for the 
true explosive mixtures. 

The amount of excess air any given gas can carry and still 
form an explosive mixture varies with the kind of gas. Experi- 
ments have been made not only on pure gas-air mixtures* under 
ordinary conditions of pressure and of temperature, but also on 
mixtures to which had been added inert gases, as CO,, to test the 
effect burned gases would have upon a fresh charge. The follow- 
ing table shows the upper and lower limits of explosibility for 
some of the most common gases, together with the theoretical 
ratio. It is hardly necessary to point out that the real lower 
limit of operation, as far as economy is concerned, is the theoreti- 
cal ratio: 
































Volume of air per unit Ave. Gaso- 
volume of gas for co H CoH. CH, CeHe | Ill. gas| line 
Upper explosive limit....| 5.1 9.6.4) 28:68) 15.4 36.7 Giele7 ap aOee 

Theoretical ratio ....... 2.35 | 2.35 | 11.75 | 9.60 | 25-30] 5.25 | 25-30 

Lower explosive limit....| .33 51 91) 6.81 | 14.38] 4.24 | 19.41 








Dr. Eitner’s results have been graphically represented in 
Fig. 10-1 by F. E. Junge and published in Power for August, 1906. 
From this diagram it can be seen at a glance how much wider the 
explosive range is for some fuels than for others. Thus, for in- 
stance, one cubic foot of mixture will be explosive under ordinary 
conditions of pressure and temperature when it contains any- 
where between 16 and 74 per cent of CO, a range of 58 per cent. 
The range for illuminating gas is 11.2 per cent, and for gasoline 
only 2.5 per cent. : 

Regarding the experiments with admixtures of inert gases, 
it can be said in general that the result is a narrowing of the ex- 
plosive range, 7.e., the effect is harmful. Raising the tempera- 
tures of mixtures thus contaminated has a noticeably beneficial 
effect in the case of hydrogen and illuminating gas mixtures only. 
Regarding the effect upon the explosive limits of increasing the 
initial pressure of the mixture, nothing definite is known. 

Carbon monoxide and hydrogen are the two most important 


* Professor Eitner, in the Journal fiir Gasbeleuchtung, 1902. 
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constituents found in our power gases, and the question 
as to the most desirable amount of each of these in the 
gas has often been raised. This point is taken _up by FE. E. 
Junge * as follows: 

“The temperature at which hydrogen ignites is considerably 
below that of carbon monoxide, and the rapidity of flame e 
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tion at atmospheric pressure is about 30 times greater. Its 
diffusion properties are by far more favorable than those of car- 
bon monoxide, so that its admixture with air is accomplished in 
a much shorter time. Its presence, therefore, determines the 
manner of ignition and the temperatures prevailing at various 
points of the inner walls. On the other hand, minor variations 


* Power, August, 1906. 
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in the hydrogen content are of great influence on the speed of 
ignition or rather of flame propagation throughout the whole 
mixture, and therefore on engine output and consumption. 

“A gas to be of ideal composition for the engine builder must, 
therefore, not contain too much hydrogen, so as not to make the 
engine over-sensitive to premature explosions, but enough so as 
to assist the slow and after-burning carbon monoxide, and to 
accelerate flame propagation throughout the mixture.” 

2. Pressure and Temperature after Combustion. — It has 
already been mentioned that the pressures and temperatures 
realized in explosive combustion are not as high as those cal- 
culated by the ordinary method of assuming specific heat con- 
stant. The determination of the causes of this phenomenon has 
always been a favorite subject for experimentation with investiga- 
tors, and this is fully warranted by its importance to the theory 
of internal combustion engines. It will hardly be necessary to 
review the earlier efforts in this field. For them the reader is 
referred to the works of Clerk *, Grover +, Robinson }¢, Witz,§ and 
others. The subject has already been briefly discussed in Chap- 
ter IV of this book under the head of “Combustion and Expan- 
sion Strokes.”” The entire question seems on analysis to narrow 
down to variation of specific heat with temperature and to after- 
burning. Dissociation as one of the causes tending to produce 
the effects mentioned is now regarded by most writers as possible 
but improbable. 

The most important work of recent years along the lines 
under discussion has been done by Langen || and by Clerk.§ It 
would seem that these two investigations, combined with the 
earlier one of Mallard and Le Chatelier, should lead to some fairly 
definite conclusions. They will therefore be reviewed in some 
greater detail. 

Langen in his experiments used a cast-steel spherical vessel, 
about 15? inches in diameter. This was furnished with the neces- 


* Clerk, The Gas and Oil Engine. 

+ Grover, Modern Gas and Oil Engines. 

{ Robinson, Gas, Oil and Air Engines. 

§ Witz, Moteurs 4 Gaz et A Pétrole. 

|| A. Langen, Zeitschrift d. V.d.I., Vol. 47, p. 622. 

4] D. Clerk, Proc. of the Royal Society, A, Vol. 77, 1906. 
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sary connections for exhaust pump, gas supply cylinders, indica- 
tor gages, etc. The igniter reached to the center of the sphere. 
The vessel itself was surrounded by a water bath with thermome- 
ters at inlet and outlet, so that the temperature of the body of 
gas in the vessel could be accurately determined. The indicator 
was of the ordinary type except that the oscillating motion of 
the drum was changed to continuous motion. The details 
of the entire construction were very ingenious. The _press- 
ing of a single button sufficed, by electrical means, to first 
press the pencil against the drum, and immediately afterward 
to fire the charge. It was only necessary to break the current 
when the decrease in pressure, due to cooling of the burned 
gases, had become so small in two revolutions of the drum 
that the lines interfered. 

The method of test was to exhaust the vessel and then to fill 
it with air a number of times until it was fair to assume that all 
burned gases from a previous explosion had been replaced. The 
vessel was then again exhausted to such a degree that, by filling 
with combustible gas and inert gases of the kind desired, the 
vessel would, at atmospheric pressure, be filled with combustible 
and inert gases in the proportion required. After enough time 
had been given for diffusion and the thermometer showed that 
constant temperature had been reached, the charge was fired and 
the diagram taken. 

In order to obtain a common basis for comparison with the 
work of previous experimenters, Langen recomputed all of his 
results and those of Bunsen, Berthelot and Vieille, and Mallard 
and Le Chatelier, on the assumption that the temperature at the 
moment of explosion was 0 degrees Centigrade. Figs. 10-2 and 
10-3 * show graphically the results of all of these experiments, 
the first for CO, the second for H as the fuel gas. In the diagrams 
7, stands for the ratio of explosion pressure observed to the pres- 
sure before ignition if the temperature of the fuel mixture is 
0 degrees Centigrade at the start. m is the ratio of the volume 
of inert gases compared with the volume of fuel gas. These inert 
gases were N, O, H or CO, or any mixtures of these four as indi- 
cated. The results marked e were obtained for air-fuel gas mix- 
tures. 

* Zeitschrift d. V.d. I., 1903, p. 623. 
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Langen, in analyzing the results shown in the above diagrams, 
makes the following observations: 

1. The computation of explosion pressures on the assumption 
of constant specific heat and complete combustion furnishes 
values which considerably exceed those actually observed. 

2. For equal ratios of inert diatomic gases to fuel gases, the 
kind of inert gas used seems to have no influence upon the explo- 
sion-pressure, as far as the same observer is concerned. This would 
lead to the conclusion that the molecular heats of the so-called 
simple or diatomic gases are equal to each other, at least up to 
4500 degrees Fahrenheit. 

Regarding the results of his own experiments, Langen is of 
the opinion that in fuel mixtures containing CO, dissociation of 
CO, sets in when the temperature exceeds 1900 degrees Centigrade 
(3450 degrees Fahrenheit). He bases his opinion on the abnor- 
mal position of the cooling curve as observed on the diagrams 
taken for such mixtures. And since the amount of this dissocia- 
tion is indeterminate, no definite equation expressing the relation 
of maximum pressure to initial pressure can be established, at. 
least for temperatures exceeding 3400. For hydrogen mixtures, 
on the other hand, the cooling curves on the diagrams are always 
normal. Hence the dissociation limit for steam does not seem 
to have been reached even with the strongest mixtures. 

From that part of his experiments for which complete com- 
bustion can be assumed, “Langen derives equations for mean 
molecular heat of diatomic gases, and for carbon dioxide and 
steam. The temperature limits for the field so covered are not 
very wide, 1500-1700 degrees Centigrade (2730-3100 degrees 
Fahrenheit), and further it was assumed that the molecular heat 
is a linear function of the temperature. Transposed to read mean 
specific instead of mean molecular heats, these equations are as 
follows: 


For CO,, C, = .152 + .0000591 t. 
For H,O, C, = .328 + .000119 t. 
ForN, C, = .171 + .0000215 ¢. 
For O, C, = .150 + .0000188 t. 


Uv 


where ¢ is in degrees Centigrade. 
The formule of Mallard and Le Chatelier agree with the 
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above as regards the diatomic gases, O and N. For CO, and 
H,O these observers obtained results which gave the following 
relations: 


For CO,, C, = .148 + .0000884 t. 
For H,0, C, = .312 + .000182 ¢. 


These formule show a somewhat more rapid increase of C, 
with temperature than do those of Langen. Langen observes in 
explanation of this discrepancy that Mallard and Le Chatelier’s 
formula for CO, is obtained from results for which the tempera- 
tures were from 1700 to 2000 degrees Centigrade, and that the 
formula for H,O is based on experiments for which the tempera- 
tures were very much higher than for his experiments. In the 
former case dissociation was shown to be more than likely, in the 
latter the formula gives’ results which do not seem to apply very 

-closely for the important temperature range between 2250 and 
4000 degrees Fahrenheit. It is plain, therefore, that Langen’s 
formule promise greater accuracy. 

The second important investigation in this field was made by 
Clerk, and by him reported to the Royal Society. His method of 
operation is so decidedly different from that of Langen and the 
earlier experimenters that it becomes both interesting and im- 
portant to see how far his results agree with those already men- 
tioned. 

The method of experiment is best described in Clerk’s own 
words: 

“Tt consists in subjecting the whole of the highly heated 
products of the combustion of a gaseous charge to alternate com- 
pression and expansion within the entire cylinder while cooling 
proceeds, and observing by the indicator the successive pressure 
and temperature-falls from revolution to revolution, together 
with the temperature and pressure rise and fall due to alternate 
compression and expansion. The engine is set to run at any given 
speed, and at the desired moment after the charge of gas and air 
has been drawn in, compressed, and ignited, the exhaust valve 
and charge inlet valves are prevented from opening, so that when 
the piston reaches the termination of its power stroke, the ex- 
haust gases are retained within the cylinder, and the piston com- 
presses them to the minimum volume, expands them again to 
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the maximum volume, and so compresses and expands during 
the desired number of strokes.”’ 

To attempt to explain the method of evaluating the expansion 
and compression lines so obtained would lead too far for the scope 
of this book. The reader is referred to the original article.* 

The engine operated with coal gas. The average composition 
of the working fluid, as calculated from the analysis of the gas, 
was H,O (assumed gaseous), 11.9 per cent by volume; CO,, 5.2 
per cent; O, 7.9 per cent, and N, 75 per cent. The mixture as 
actually used varied somewhat from this composition, but since 
the percentage of N is nearly constant, this variation can have but 
small effect upon any specific heat calculations. 

For this mixture, Mr. Clerk, on the basis of his experiments, 
found the following mean specific heats, expressed in foot pounds 
per cubic foot of working fluid at 760 mm. and 0° C. 











Range of Temperature Mean specific heat in ft. lbs. 
°C oF per cu. ft. at 760 mm and 0° C. 
0— 100 32— 212 20.3 
O— 200 32— 392 20.9 
O— 400 32— 752 21.9 
O— 600 32 — 1132 22.8 
O— 800 32 — 1472 23-6 
0— 1000 32 — 1832 24-6 
0—1200 782. —2192 24.6 
O— 1400 32 — 2552 25.0 
0— 1500 32 — 2732 25.2 








Now to compare these results with those of Mallard and Le 
Chatelier and of Langen, the easiest way would be to reduce them 
to the ordinary specific heat basis, and then to compute a series 
of specific heats for the same temperature ranges and for the 
same mixture as used by Clerk by the aid of Mallard’s and of 
Langen’s formule. This involves the assumption that these 
formule hold for the lower temperature ranges. The following 
table shows the figures so obtained, and Fig. 10-4 gives a graphi- 
cal comparison. 


* See foot-note, page 221. 
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Mean Sprciric Heat ror MIxTURE CONTAINING BY VOLUME 11.9 % 
H,O, 5.2 % CO, 7.9 % O, and 75 % N. 

















Temperature Range Mall aed taneew Clerk 
°C oF Le Chatelier 

O— 100 382— 212 . 1805 . 1826 . 1854 
O— 200 382— 392 . 1843 . 1858 .1910 
O— 400 32— 752 .1930 .1922 . 2000 
O— 600 32 —1132 . 2006 .1985 . 2083 
O— 800 32 —1472 . 2083 . 2047 2157 
0— 1000 32 — 1832 .2161 2112 -2202 
0—1200 32 — 2192 . 2238 .2176 . 2248 
0— 1400 32 — 2552 .2315 .2239 . 2284 
0— 1500 32 — 2732 . 2309 .2271 . 2303 
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Fia. 10-4. 


It is plain from Fig. 10-4 that the’ question of the variation of 
specific heat with temperature cannot be considered entirely 
solved. It is true that Stevens * made experiments on air which 
check the results of both Mallard and Le Chatelier and of Langen 


* Ann. d. Phys., 1902. 
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very closely. It is therefore fair to assume that the formule 
derived for diatomic gases are correct. The discrepancies ob- 
served between the results plotted in Fig. 10-4 are therefore with 
strong probability due to error in the available data for H,O and 
CO,. Further work is therefore required, and a check of Clerk’s 
results is especially desirable. 

3. Velocity of Flame Propagation and Time of Explo- 
sion. — Experiments on the velocity of flame propagation in a 
given mixture, like the experiments on specific heat, have not led 
to any definite result. And although definite information on 
this point is desirable, on account of the connection between 
velocity of flame propagation and possible maximum engine speed, 
in any given case there are so many factors affecting the problem: 
_ in actual practice, that the application of the results of laboratory 

experiments to actual conditions is of doubtful value. Thus the 
velocity with which the flame spreads through a mixture depends 
upon the kind of fuel, the composition and purity of the mixture, 
its temperature and pressure, and upon the location of the igniter 
and the shape of the combustion chamber. Further than this, the 
degree of mechanical agitation in the mixture at the moment of 
explosion has a marked influence upon the velocity. 

If we ignite a mixture in a tube, closed at one end, from the 
closed end, the pressure generated seems to project the flame 
ahead of the pressure wave toward the open end of the tube with 
a much higher flame velocity than would have been observed if 
the ignition had taken place from the open end. The same effect 
should be observed in a tube closed at both ends. Ignition from 
the open end gives the true velocity, as the flame then spreads by 
contact only. In an actual engine cylinder, with the volume in- 
creasing with the movement of the piston, we may expect the 
velocity of propagation to be somewhere between those found 
for ignition from the open end of a tube and those for ignition 
in a closed tube. 

Mallard and Le Chatelier used the open-tube method, measur- 
ing the time interval between the passage of the pressure wave 
between two points on the tube. Their results, as given by Clerk, 
for hydrogen were as follows: 


228 INTERNAL COMBUSTION ENGINES 








; Velocity of Pressure 
Mixture Propagation 
ft. per second 








levole Hye v4 Volsiialt oy.tyate:. wcrc vias eke obtuse nee Ee 6.56 
Level MEE Siviolss alt pees ets ee CI ere ee ee 9.20 
Lvol eH 2h ivolss air ce sete gis ote ence ee ere eras 11.10 
Livol. fH S2L32volsiairse paris «vc anata Cee anr an tte 12.40 
Itvoli Hit xols air stat. cae eae ee ee ne ce 14.30 
Dviol SBR EDO aires suc arlteedte reete eee ae eee 12.30 
I VOlRH cer deviol ain’ ep prcic- nach Pa eer aoe 7.55 








The true explosive mixture for hydrogen and air is 1 vol. of 
H to 23 vols. of air. It might be supposed that this would be 
the mixture showing highest velocity of propagation. For some 
unexplained reason a certain excess of hydrogen shows the highest 

















Fig. 10-5. 


result. A similar phenomenon was observed with coal gas and air 
mixtures by these observers. 

Meyer * used an apparatus very similar to that of Mallard and 
Le Chatelier, except that very sensitive platinum thermometers 
were employed to measure the passage of the flame, instead of 
diaphragms to measure the passage of the pressure wave. The 
fuel employed was coal gas. All tests were made with the mix- 
ture at atmospheric pressure at the time of ignition. Figs. 10-5 
and 10-6 show the results graphically, the former being obtained 
for ignition from the closed end, the latter for ignition from the » 
open end. The much higher velocity of the first curve bears out 
the statement previously made. The fact that the maximum 
velocity occurs with the same gas-air ratio shows that the true 
rate of inflammability has not been changed, but that mechanical 


* E. J. Meyer, Sibley College thesis, 1905. 
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actions alone are responsible for the difference in the observed 
results. 

Closely connected with the velocity of flame propagation, and 
subject to the influence of accidental accompanying conditions 
to the same degree, is the time of explosion. The most extensive 
work in this field was done by Clerk. The apparatus employed 
by him was very similar to that used by Langen in his specific 
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Fic. 10-6. 


heat experiments. The fuel~mixture was ignited at constant 
volume and a pressure diagram obtained on the rotating drum 
of an indicator. Unfortunately the experiments were confined 
to coal gas, a few figures only being obtained for hydrogen and 
none for the power gases so important to-day. The figures found 
for hydrogen were as follows, the time of explosion being the time 
interval from the moment of ignition to the attainment of maxi- 


mum pressure.* 














Mixture by Volume Time of Explosion 
Air Hydrogen in seconds 
6 1 .150 
4 1 .026 
2.5 1 .010 








* Clerk, The Gas and Oil Engine, p. 101. 
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Clerk’s results for mixtures of air and Oldham coal gas are 
represented in Fig. 10-7. The volume ration showing fastest 
time of explosion, 7.e., 6 to 1, agrees with the mixture for which 
Meyer found the greatest velocity of flame propagation. This 
mixture also showed about the highest pressure development in 
Clerk’s experiments, 90 pounds per square inch. 
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In Clerk’s experiments the pressure at the moment of ignition 
was atmospheric in each case. Koerting * carried on similar ex- 
periments with coal gas but used compressed mixtures, although 


the pressures used were low. The summary of his results is as 
follows: 








Bier Dye Pressure before 





Time of Explo-| Velocity of Propa- 














Ace | Gas ee sion seconds gation ft. per sec. 
(15.0 032 23.0 
7.5 1 1.37.0 .036 20.4 
5.42 1 ( 15 .O1 74.0 
ie oe 0125 59.0 - 








* Koerting, Zeitschrift d. V. d. I. 
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This table shows that compressing the mixture retards the 
velocity of flame propagation, but that the amount of retardation 
is less in lean than in rich mixtures of the same fuel. 

Koerting’s figures do not agree well with those of Clerk, 
although they were obtained with similar apparatus. From Fig. 
10-7 the time of explosion of a 7.5 to 1 mixture would have been 
about .056 seconds according to Clerk, as against .032 seconds 
found by Koerting. This is too great a difference even assuming 
a considerable difference in the composition of the fuel. The 
length of Clerk’s vessel up to the indicator piston was about 10 
inches, which, with a time explosion of .056 seconds, gives a 
velocity of propagation in a closed vessel of 14.8 feet per second 
as against 23 feet found by Koerting. 

For the purpose of comparing Clerk’s results with those of 
Meyer on flame propagation, the times of explosion as shown by 
Fig. 10-7 have been transposed to the basis of velocity in feet per 
second. The resulting curve has been drawn in on Fig. 10-5 with 
Meyer’s results. It is seen that the velocity of propagation in a 
closed tube according to Clerk is lower than that found by Meyer 
for ignition from the open end of a tube, except for ratios exceed- 
ing 8 to 1, and here the difference is inconsiderable. This is con- 
trary to what might be expected, because, as before explained, 
and also mentioned by Clerk, if explosion takes place at constant 
volume in a closed vessel, the part of the mixture first ignited 
instantly expands and shoots the flame into the rest of the mass, 
thus increasing the velocity of propagation. As compared with 
Meyer’s results for ignition from the closed end of a tube, Clerk’s 
results are very much lower, in fact only about #5 at the best ratio 
for the gas. Koerting’s figures, on the other hand, slightly exceed 
Meyer’s results for ignition from the open end. 


CHAPTER XI 


HISTORICAL SKETCH OF THE INTERNAL COMBUSTION ENGINE 


1. Origin obscure. — The origin of the internal combustion 
engine is imperfectly known; as it exists at the present time it is 
the result of a long-continued development which began first 
with a period of speculation which, through the efforts of numer- 
ous inventors, finally resulted in a practical, operative machine. 
No single person can be considered as the inventor of the internal 
combustion engine. Its history shows the existence of three 
periods: (1) that of speculation and invention; (2) that of de- 
velopment, and (3) that of application. 

2. The Period of Speculation and Invention. — The gas 
engine previous to 1860 was not a practical, commercial machine 
nor had it been used to any great extent for the purposes of 
producing power. Previous to that time various publications 
and patents show that nearly all of the types known at the 
present time had been discovered, although the records are im- 
perfect as to the actual and practical use of such machines. It 
is reasonable to believe that many of the forms described or 
patented were actually built and operated experimentally if not 
commercially. 

Aimé Witz gives the credit * for the first internal combustion 
engine to the Abbé Hautefeuille, who describes an engine in 1678 
in which water is raised by utilizing the partial vacuum which 
results from burning gunpowder in a cylinder and cooling the 
gases remaining, 

A similar engine was described by Huygens in a memoir en- 
titled “Une nouvelle foree mouvant par le moyen de la poudre a 
canon et de lair,” which appeared in 1680, Denis Papin con- 
structed an internal combustion engine similar to that described 
by Huygens in 1690, but on account of imperfect workmanship 


* Moteurs a Gaz et a Pétrole. 
Doo, 
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obtained results very much inferior to those produced by a steam 
engine and abandoned the powder engine as an impractical 
machine. 7 

In the powder engines the method was a fairly practical one; 
a small quantity of gunpowder exploded in a large cylindrical 
vessel expelled the air through check valves, thus leaving, after 
cooling, a partial vacuum below the piston. The pressure of the 
atmosphere did work by moving the piston downward. 

For a long time after this attempt, the internal combustion 
engine seemed to have been practically forgotten, as the next 
description of its construction was not written until after Watt 
had developed and improved the steam engine. Considering the 
low condition of the state of the mechanical arts and the diffi- 
culty of obtaining good workmen and proper materials, which 
Watt experienced and which he was only able to overcome by 
spending years of time, it can be readily understood why little 
or no substantial progress was made. Watt not only solved the 
problem relating to the method of improving the engine, but he 
also developed in a very great measure the art of constructing such 
engines and of producing proper materials for their manufacture. 

The greater portion of the information relating to the design 
and improvement of the gas engine during the period previous 
to any extensive commercial use is obtained from the records of 
the English, French and American patent offices. These records 
have the advantage over other publications of being definitely 
dated and of concisely and accurately describing the machine 
and its mode of operation. — 

The first internal combustion engine described in the patent 
records was patented by Robert Street in England on the 7th 
of May, 1794. It consists of a motor cylinder, with a piston, the 
bottom of which is heated by fire. The patent shows a pump 
driven by a lever. The fuel is described as a small quantity of 
tar or turpentine which is projected onto the hot part of the 
cylinder so that the liquid is instantly converted into an inflam- 
mable vapor. The raising of the piston by means of a lever sucks 
in external air and also flame for ignition, which causes the ex- 
plosion. The details as described are crude, but the principle of 
operation is the same as in the Lenoir engine which was patented 
in 1860. 
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Phillippe Lebon patented in France, in 1801, a gas motor in 
which the gas was compressed in a cylinder external to the work- 
ing cylinder previous to ignition. In this patent there is de- 
scribed the use of an air pump for compressing atmospheric air, 
a gas pump for compressing gas, and the use of electricity for 
ignition. Lebon died September 22, 1804. Witz states “that it 
is probable that the industry of building gas engines would have 
dated at the beginning of the century as a practical commercial 
industry, instead of 1860, had he lived.” 

Various inventors early in the century proposed the use of 
explosive powders, of air satu- 
rated with hydrocarbon and 
of hydrogen gas produced by 
chemical means, as fuels for in- 
ternal combustion engines, but 
these did not, so far as can be 
_ ascertained, result in any prac- 
— tical improvement. 

In 1823 and 1826 Samuel 
Brown obtained English patents 
for an ingenious atmospheric 
air engine which, although very 
cumbersome and uneconomical, 
was applied to practical uses. 
The engine, Fig. 11-1, was oper- 

Fia. 11-4. —_ 8. Brown, 1823-96. ated by burning the combusti- 
ble in a vessel adjacent to the 

working cylinder, which resulted in expelling a portion of 
the air it contained. A jet of water was then thrown in 
which lowered the temperature and by so doing produced a 
vacuum. Motion was produced by the atmospheric pressure 
acting alternately on the sides of the piston in the working 
cylinder, which was arranged adjacent to the vacuum-produc- 
ing chamber and put in alternate connection with it by means 
of a proper valve motion. This engine, although referred to by 
Clerk “as being the first gas engine undoubtedly put at work,” 
is an external combustion gas engine somewhat similar to the 
Wilcox engine already described, except that there was vacuum 
rather than pressure in the combustion vessel. According to the 
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Mechanics Magazine, published in London, a boat was fitted with 
a Brown engine and ran experimentally upon the Thames. 
Another engine was made in combination with a road carriage 
(see Mechanics Magazine, December 24, 1825); this is also 
referred to in a Report of a Committee of the House of Com- 
mons, reprinted as a public document in the United States in 1832. 
W. L. Wright obtained an English patent (No. 6525 of 1833) 
for an internal combustion engine in England. This patent is 
accompanied with elaborate drawings giving in detail the pro- 
posed construction. The engine, Fig. 11-2, is shown as double 
acting, the piston receiving two im- 
pulses for every revolution of the 
crank shaft. It is also shown as pro- 
vided with pumps adapted to com- 
press the air and gas a few pounds 
above the atmosphere previous to 
their introduction into the cylinder.: 
The engine was provided with a fly- 
ball governor for controlling the quan- 
tity of gas and air as required to 
produce uniform speed. The charge 
is ignited when the working piston is 
at the end of its stroke by an external 
flame, burning in air, which is con- 
nected with the charge at,the proper 
time by a valve opened by the mech- 
anism of the engine. The charge fia. 11-2.— Wright, 1833. 
was not under sensible compression 
at the time of ignition. The engine as shown has water-jacketed 
cylinder and piston, poppet exhaust valves operated by cams, 
and appears well proportioned throughout. Much credit is due 
to the governing device shown, and it would be difficult to state 
why the motor did not succeed, unless it may have been due to 
the lack of demand for any other motor than the steam engine. 
James Johnson took out an English patent in 1841 for a gas 
engine to be operated by hydrogen gas. In this engine the piston 
is forced to the end of the cylinder by the explosion of the gas, 
after which a vacuum is formed underneath the piston and the 
piston is returned by atmospheric pressure. It illustrates the 
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expansion of the products of combustion below atmospheric 
pressure, a method which as yet has not met with much practi- 
cal success in the operation of gas engines. 

William Barnett obtained a patent in England (No. 6015, of 
1838), which describes the construction and mode of operation 
of a two-cycle gas engine, single and double acting, in which the 
explosive mixture is compressed previous to ignition. It shows 
three forms of engines, one type in which the compression is 
entirely performed outside the working cylinder and which is 
shown as both single and double acting. It also shows another 
type in which the compression is com- 
pleted inside the working cylinder, 
this latter form being almost identical 

oy (U \ with the modern two-stroke cycle en- 

est Ese ili gine which has already been described. 
6 i ie K Barnett also shows an igniting 
eee device, described in Chapter XIII, 
een = which is adapted to ignite the gase- 
: \) \ ous mixture while under compression. 
i 5 {lf | This method of ignition is of interest 
TE BS as it was used in a slightly different 
; Le ||/ form by Otto in the Otto engine in 
2% \\ || 1877. Barnett also describes a method 
Lite see. eee | ( of igniting by bringing the explosive 
HL Sen mixture in contact with spongy plati- 
i <a num which is located in a cavity near 
the head of the cylinder. 

Figure 11-3 is reduced from patent drawing and shows a 
section of the single-acting engine in which A is the motor piston. 
The cylinder is open at the top, B is a double-acting pump which 
serves to supply atmospheric air to form an explosive mixture 
on one side and to exhaust the products of combustion on the 
other; the pump for supplying fuel gas under compression stands 
back of the air pump and is not shown in the figure. During the 
ascent of the piston, A, the air and gas pumps have been drawing 
in air and gas, which on the descent of the pump pistons are 
forced into the receiver, D, which is separated from the working 
cylinder by the piston slide valve, E. In the meantime the pis- 
ton A has discharged the exhaust gases through the valve EF. 
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This valve closes communication with the air when A reaches 
the lower dead center and opens communication with the re- 
ceiver D. At this instant, the charge is ignited, and the gases 
under compression pass into the working cylinder through the 
slide valve E. The igniting device shown at F is operated by 
the motion of the valve. 

The gases at the time of explosion are in the receiver D, and 
flow through the port after ignition precisely as steam would do. 
The pressure in the motor cylinder 
falls by expansion with increase in 
volume due to motion of piston. 

Barnett’s second engine is identi- 
cal with his first except that it is 
double acting. 

Barnett’s third engine, shown in 
Fig. 11-4, is of great interest since it 
is the forerunner of the modern two- 
cycle engine. The engine shown in 
the figure is double acting. Like the 
first engine it has three cylinders, 4 
motor cylinder A, air pump B, and os 
a gas pump not visible in the figure. We oe 
The air and gas’ pumps are single coe 
acting but are operated by means of Renee | 
gearing so as to make twice-as many yyq 44-4 — Barmett’s Teed 
strokes as the working piston. The Engine. 
ignition is performed by spongy plati- 
num with which the gases under compression are brought in 
contact. The operation of the engine is as follows, supposing 
that when the piston is in the position shown in the draw- 
ing it is moving upward and the upper end of the cylinder 
is charged with air and gas under compression. When the 
piston has completed its up stroke, the contact of the plati- 
num with the compressed mixture, produced by the ascent of 
the piston, causes explosion, which in turn impels the piston 
to the bottom of its stroke. During the first part of the 
descent and until the piston passes the port, M, at the center of 
the cylinder, the products of combustion below the piston are 
being exhausted, either into the atmospheric air or into an 
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exhaust pump, which may be used if desired. At the same time 
the air and gas pumps draw in their respective charges. During 
the latter half of the descent of the piston the air and gas pumps 
are forcing the mixed air and gas into the cylinder below the 
piston where it is further compressed and exploded at the end 
of its stroke, in which case the piston is forced upwards and the 
operation is repeated. 

Stuart Perry patented in the United States, May 25, 1844, 
and in Great Britain through the agency of Joseph Robinson 
(No. 9972 of 1843), a gas or vapor engine 
which was provided with means for compress- 
ing the charge previous to ignition. The 
method of ignition in the Perry engine was 
similar to that in the Wright engine. The 
engine was especially designed for the use of 
liquid hydrocarbon, and for this purpose it 
was provided with a carbureter through which 
a portion of the air on its way to the engine 
~ is forced and which may be heated by the 
exhaust gases. The Perry engine is double 
acting, and provided with a rotating valve 
which by means of gearing can be reversed 
in direction, thus reversing the engine. 

The Perry patent of 1844 was followed 
by one in 1846 which showed an engine with 











Fie. 11-5. — poppet valves and with means for igniting by 
Newton’s Hot Tube Re : 
is a hot tube consisting of a platinum cup kept 
gniter. 


hot by a gas flame. In this latter engine the 
charge was under compression at the time of ignition. In the 
latter patent reference is made to the actual use of a gas engine 
with carbureting device, from which it would appear that Perry 
at least anticipated in design many later constructions. 

A. V. Newton obtained a patent in England (No. 562 of 1855), 
for an ignition device which was identical with that formerly 
patented in America by Drake, and which is now known as the 
hot-tube method of ignition. The igniting arrangement consists 
of a cast-iron tube, closed at the outer end, which projects into 
a recess formed in the side of the cylinder. A gas flame, Fig. 
11-5, keeps a section of this tube at a temperature sufficient to 
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explode the charge when the piston uncovers the opening. The 
engine shown in the Newton patent is a non-compression double- 
acting engine with water jackets. 

Barsanti and Matteucci of Florence, Italy, took an English 
patent (No. 1655 of 1857) for a free piston vacuum engine, which 
is of interest from the fact that it was of essentially the same class 
as a successful type of engine which was introduced some years 
later by Otto and Langen. In this engine the force of the ex- 
plosion was utilized in moving the piston when free from the 
connecting rod, the work being done on the 
return stroke by the weight of the piston and 
by atmospheric pressure acting on its upper 
side. 

In construction the cylinder of the engine 
is vertical, open at the top and very long, 
Fig. 11-6. The charge consisting of gas 
and air enters when the piston is drawn up 
a short distance and is exploded by an elec- 
tric spark. The piston rod carries a rack 
which is in engagement with a gear wheel 
connected by a ratchet and pawl to the main 
shaft. When the piston is shot rapidly up- 
ward the gear wheel turns without moving 
the main shaft. When the piston returns 
the ratchet connects the géar wheel of the 
main shaft so that it is turned in the direc- pg 14-6.— Barsanti 
tion for producing work. and) Marteucot 

Clerk states that the method illustrated 
in this engine possesses three advantages: rapid expansion, a 
large amount of expansion, and also some of the advantages of 
a condenser. 

3. Period of Development.— Lenore. The first internal 
combustion engine to attain any marked degree of commercial 
success was patented by J. J. E. Lenoir, in France, January 4, 
1860, and in the United States March 19, 1861. 

The Lenoir engine was of simple construction and belonged 
to a type which had been previously described by several inven- 
tors. Its success was evidently due to the good proportions 
which characterized the design. The engine cylinder is shown 
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in section in Figs. 11-7 and 11-8. This engine belongs to the 
class in which the ignition takes places while the charge has 
practically constant volume and, in the case of the Lenoir engine, 
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Fie. 11-7, — oo Engine, 1860. 


had not been compressed previous to ignition; it is devoid of any 
compression mechanism. In structure it resembles that of a 
double-acting steam engine with separate slide valves for the 





Fig. 11-8. — Lenoir Engine, 1860. 


admission and exhaust. Thus in Fig. 11-7 the charge is ad- 
mitted by the slide valve @, and is exhausted by the slide 
valve H. It is drawn into the cylinder by the partial vacuum 
produced by the motion of the piston, the slide valve being 
arranged to open the ports at the beginning of the stroke and 
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close them at about the center of the stroke. The charge is 
exploded by electrical means when the piston is at about the 
middle of its stroke, and produces the requisite pressure to force 
the piston onward and keep the engine in motion. The exhaust 
valve opens to discharge the products of combustion during the 
return stroke. The operation of both ends of the engine takes 
place alternately and tends to produce a uniform motion of the 
fly-wheel. 

The engine is shown provided with cross-head, connecting rod, 
and governor similar to a steam engine. The governor is arranged 
to throttle the supply of gas as required to produce uniform 
speed. The engine was provided with a device for timing the 
electrical spark. The source of electricity was a primary battery 
arranged to intensify the current by an induction coil. 

Although the consumption of gas by this engine was always 
high and the power produced in porportion to the cylinder very 
small, yet it possessed certain advantages. Its mechanism is 
simple, its explosion nearly without shock, and its action very 
smooth. This engine was sold in large numbers and manufac- 
tured both in France and England. 

Dugald Clerk quotes from an article in the Practical Mechanics 
Journal of August, 1865, showing that from 300 to 400 engines 
were at that time at work in France. He also states that the 
Reading Iron Works Co., at Reading, England, made and delivered 
100 engines. V2 

Witz states that this engine was received with great enthu- 
siasm and that many predicted that the last hours of the steam 
engine had sounded and that the star of Watt paled before that 
of Lenoir. This enthusiasm resulted in a marked exaggeration 
both as to economy and capacity, which was followed by a re- 
action during which time the engine was called a humbug and 
many were broken up for old iron. It was, however, appreciated 
at its full value at a later time, as it was found extremely well 
adapted for small establishments requiring from 4 horse-power 
to 4 horse-power. For such uses the consumption of gas was 
guaranteed to be less than 70 cu. ft. per horse-power hour and this 
guarantee seems to have been usually realized. Juries at the 
expositions of London in 1862, of Paris in 1867, of Vienna in 1873, 
recognized the merit of Lenoir. 
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The Lenoir engine is described as adapted to be operated 
either with gas or with the vapor of liquid hydrocarbon, and in a 
French patent of 1861 a carbureter is shown for mixing the vapor 
of oil with air. 

The engine of Lenoir was used for various purposes, for in- 
stance, printing, pumping water, driving lathes, and also for the 
purpose of propelling a vehicle and a road carriage. 

In the report of the Vienna Exhibition of 1873, R. H. Thurston 
quotes the following statements of M. Claudel in reference to the 
experiments of M. Tresca on the Lenoir engine: 

“The speed of the engine is variable.” 

“The failure to ignite a single charge will stop it.” 

“To start it it is necessary to give it several revolutions by 
hand.” 
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Fie. 11-9. — Diagram Lenoir Engine. 


“Lubricant must be abundant and the amount of oil cannot 
be estimated at less than 0.5 kilogram (1.1 lbs.) per day.” 

“To obtain the best effect, it is necessary to open the inlet 
before the complete closing of the exhaust valve.” 

“ A machine of 0.24 meter (9.5 inches) diameter of cylinder pro- 
duced very nearly one horse-power.”’ 

The best performance claimed for the Lenoir engines is 70 to 
74 cu. ft. of gas per horse-power per hour. M. Tresca reported a 
consumption of 95.28 cu. ft. A typical indicator diagram from a 
Lenoir engine is shown in Fig. 11-9. 

Hucaon. — It has been shown that Hugon had experimented 
with an engine of the Lenoir type two years before Lenoir.* But 
while the obvious disadvantages of the construction did not pre- 
vent Lenoir from putting his engine on the market, Hugon was 
not satisfied with the solution of the problem and turned his 
attention to the indirect acting engine of the type of Barsanti 


* Memoirs des Ingenieurs Civils, 1860, p. 159. 
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and Matteucci. Only after the Lenoir engine proved in a certain 
manner a commercial success did Hugon return to his former 
engine, and, making some improvements on Lenoir, brought the 
engine out in. 1864. In this machine, Figs. 11-10 and 11-11, 
electric ignition was replaced by flame ignition, which was much 
the surer method of igniting a charge in those early days, and 
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Fie. 11-10. — Cylinder, Hugon Engine, 1864. 


both exhaust and inlet were operated by one valve in order to give 
this valve the advantage of cooling by the incoming cold mixture. 
To overcome the very serious defect of the Lenoir engine existing 
in the extremely rapid wear of the valves, Hugon reduced the 
temperatures of the cycle by injecting water into the charge. 
The Hugon engine was somewhat superior to that of Lenoir 
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Fie. 11-11. — Hugon’s Pike Tenition Valve. 


in both fuel and lubricating oil consumption, but it did not find 
the degree of application of the latter, because apparently the 
means were not at hand to exploit it to the extent done with the 
Lenoir machine. 

Brau DE Rocuas, 1862. — In a patent taken out in Paris by 
Alph. Beau de Rochas on January 7, 1862, he states the conditions 
required for the highest efficiency in an internal combustion 
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engine, and he also distinctly describes the working cycle which 
in his opinion is necessary to produce the highest efficiency. 

According to this investigator, the conditions necessary for 
highest efficiency are four in number: (1) the greatest volume 
of the cylinder possible having a minimum surface of periphery; 
(2) highest possible velocity of motion; (3) greatest possible 
expansion; (4) greatest possible pressure at the commencement 
of the expansion. He states that for highest efficiency it is 
necessary to execute the following operations in the period of 
four consecutive strokes in each end of the cylinder. 

(1) Aspiration during an entire out stroke of the piston. 

(2) Compression during the following in stroke. 

(3) Ignition at the dead point and expansion during the third 
stroke. : 

(4) Discharge of the burned gases from the cylinder during 
the fourth and last stroke. 

The operations which are described above characterize the 
four-stroke cycle engine which was first actually built by Otto 
in 1876 or 1877. The importance of the pamphlet of Beau de 
Rochas was not recognized and it was probably little read until 
Otto had established the practical value of this method of opera- 
tion. Five years before his death in 1887 Beau de Rochas was 
given a prize by the Société de Encouragement pour |’Industrie 
Nationale as a recognition of the important part which he had 
played in the development of the internal combustion motor. 

Although the importance of compression previous to ignition 
in increasing both the efficiency and capacity of the internal 
combustion engine was fully pointed out by Million in his English 
and American patents and by the pamphlets of Beau de Rochas, 
little or no practical progress was made in the construction of 
compression engines for the next twelve years. The practical 
applications were confined in a large measure to the production 
of non-compression engines of the same type as that of Lenoir. 

Orro AND Lancren. — Early in 1861, N. A. Otto, in trying 
to improve Lenoir’s engine by giving it a full power stroke, hit 
upon the idea, in the course of his investigations, to break the 
igniter circuit of one of these machines, keep the exhaust valve 
closed at the end of the out stroke, then to turn the engine back 
in the other direction by hand, and when the piston reached the 
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inner dead center, having compressed the charge, to cause the 
spark to jump. He thus half unconsciously reproduced the suc: 
tion and compression strokes of our modern four-cycle engines, 
and the result was that the engine received a sudden impulse 
which kept it spinning for several revolutions. As near as Otto 
thus came to the solution of the question, as proposed by Beau 
de Rochas in 1862, practical difficulties encountered, together 
with his own failures to realize the full importance of the thing, 
caused him to turn aside and invent an 
engine of an entirely different type. Not 
until thirteen or fourteen years later did 
he return to the old problem with success. 

The result of his labor in the early 
sixties was the so-called free piston en- 
gine. The idea had been already worked 
out by Brown in 1832 and by the Italian 
Barsanti in 1858, but it remained for 
-Otto and Langen to make it a commer- 
cial success. 

After several years of experimentation 
the first machine was exhibited at the 
Paris Exposition in 1867. 

Tlame ignition was used and much wh _ 
a. a was sha ee hs Tes eo een 

e Lenoir or Hugon engine. /Clerk states ees ee 
that “it completely crushed Lenoir and a oe 
Hugon and held almost sole command of the market for ten 
years, several thousands being constructed in that period.” 

A section of the engine is shown in Fig. 11-12. It consists of 
a tall vertical cylinder water-jacketed through a part or the whole 
of its length with the top open to the air. The fly-wheel shaft is 
supported by bearings on the top and carries a gear which engages 
with a rack attached to the piston rod of the engine. The gear 
turns freely on the shaft while the piston is moving upward, but 
is connected with it by an ingenious clutch when the piston moves 
downward. A slide valve 8, operated by an eccentric on a shaft 
geared to the main shaft, controls the admission, ignition, and 
exhaust intermittently as determined by the governor of the 
engine... When operating at full load the piston is lifted a few 
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inches and takes in the charge through the slide valve, which soon 
moves further and brings in the igniting flame. The resulting 
explosion projects the piston upward with high velocity. The 
pressure beneath it rapidly falls by expansion until lower than 
that of the atmosphere. On the return stroke of the piston the 
clutch is in engagement with the shaft and performs work due to 
the weight of the piston falling freely into a partial vacuum. The 
exhaust gases in the meantime are displaced through a port in the 
valve. 

The clutch of the Otto-Langen engine was a very ingenious 
construction and one of the main points of the invention. It is 
shown in detail in Fig. 11-13 and consists of a part a keyed to 








Fig. 11-13. — Clutches, Otto-Langen Engine. 


the shaft, on which runs the part b carrying the teeth engaging 
the rack. The part a revolves freely with the shaft and is dis- 
connected from the part b while the piston is moving upward 
or is stationary, but is fastened to the part b when the piston 
is moving downward. The parts a and b are engaged by small 
rollers, e, moving over wedge-shaped clips, cc, when the part 6 
moves in the same direction as the part a and at a higher rate of 
speed. The parts are clamped together by the rollers wedging 
in between the two inclined surfaces and the steel clips cc. It 
will be seen that as soon as the part a moves with a higher velocity 
than is imparted to b by the rack, the clutch releases automati- 
cally. , 

Dr. R. H. Thurston, in the report of the Vienna exhibition in 
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1873, states that several of these engines were on exhibition and 
the results of several series of tests made by M. Tresca are given. 
The dimensions of the engine tested were as follows: diameter of 
piston, 8.75”; maximum stroke, 41.3”; diameter of water jacket, 
15.75”; height of water jacket, 28.0”. The following are the re- 
sults of four trials: 











Trials 1 2 3 4 

Pressure of gas, millimeters ........ 30.5 36 SG a ui en es 
Duration of experiments, hrs. ...... 4 1 0.5 0.5 
Revolutions per wim. vec rny ee 85.7 82 81.5 79.9 
Bre es ii ras ei earn tae ous 0.896| 0.857 0.426 0.418 
Total gas per hr., litres ............ 1017.5 1085 560 560 
Gasper He oP hr litresini scant ee 1135.6 1266 1314 | 1339.7 
Gasper Hi. Pohr.,; Cus fb: aces «aca 39.4 44 45.5 46 


Gas used for igniters per hour, cu. ft. 2.12 2.30 








The above results, however, have been surpassed in tests by 
Meidinger in 1868. The engine tested had a cyl.-diameter 
of 5.9”, a maximum stroke of 38.7”, and was rated at 4 horse- 
power. At maximum load this engine developed .635 B. H. P. 
and showed a gas consumption, including that of the ignition 
flame, of 29.5 cu. ft. per B. H. P. hour. This corresponds to a 
thermal efficiency on the brake of 13.7 per cent. Curiously enough 
a still better economy was shown at alowerload. With a B. H. P. 
of .35, the efficiency was 15.4-per cent. The fuel mixture in both 
cases contains 12.5 per cent of gas. 

Respecting the engine tested at Vienna, Dr. Thurston states 
that it has always worked well and has greatly reduced the con- 
sumption of gas over that used by earlier engines. It is very noisy 
in operation and the exceptional fuel economy is its only special 
recommendation. This economy is probably due principally to the 
extreme rapidity with which the piston is projected upward at 
each explosion of gas, the work of expansion being thus utilized 
before sufficient time has elapsed for any serious amount of 
condensation to occur by contact with cold surfaces. A diagram 
from a 2 horse-power Otto-Langen engine from Clerk’s work on 
the gas engine is shown in Fig. 11-14. This diagram shows 
that the expansion during the working stroke continues below 
that of the atmosphere, the piston evidently being taken to the 
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top of its stroke by the energy stored in the fly-wheel at the 
instant of explosion. 

The igniting device used consisted of a constantly burning 
flame outside the working cylinder which was put in communica- 
tion by a slide valve with the ex- 
plosive charge at the proper time. 
The large sizes of this engine were 
governed by controlling the velocity 
of discharge of the exhaust gases. 
The more the exhaust outlet was 
throttled, the slower the descent of 
the piston, and hence the fewer the 
number of cycles in unit time. 

Brayton. — In point of time 
the next important invention in 

the art of producing internal com- 

0 Seca 7 1 | t s ‘ {) Dustion motors was made by an 

STROKE __ American, George B. Brayton. His 

Fig. 11-14. — Diagram, engines were built in large numbers 

Otte-Langen Engi, and possessed many advantages 

over any previously made. They had the remarkable distine- 

tion of being the only motors which had been designed in which 

ignition takes place at constant pressure, the form of the dia- 

gram, already shown in Chapter I, being similar in many respects 
to that of the steam engine. 

Brayton took two American patents for his engines; first the 
earlier one dated April 2, 1872, covered an engine adapted to 
burn gas; the later one, patented June, 1874, covered an engine 
adapted to burn liquid hydrocarbon or petroleum. Both engines 
have essentially the same principle of operation, the air and com- 
bustible are supplied to the working cylinder under pressure for 
a portion of the stroke, ignition continues during the admission 
of the air and combustible, causing an increase of volume without 
change of pressure. The supply valve closes when sufficient 
combustible has entered, and the piston finishes its stroke by 
expansion. Ignition was produced by a constantly burning 
flame in the power cylinder. Wire diaphragms were used to keep 
the flames from striking back. 

Of the two forms of Brayton engine, the gas engine never 
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found much application on account of the fact that, due to punc- 
turing the diaphragm, the ignition flame would sometimes strike 
back and explode the compound mixture stored in the reservoir. 





Fic. 11-15.— Elevation, Brayton Oil Engine. 


This action together with the high price of gas-led to the 
development of the petroleum engine. Figs. 11-15 and 11-16 
show the construction of this engine very clearly.* The engine 





Fie. 11-16. — Plan, Brayton Oil Engine. 


consists of a power cylinder a and an air-compressor cylinder b, 
the pistons of which are connected to the walking beam c. The 
air, drawn into the cylinder b through an automatic valve, is 


** Giildner, Entwerfen und Berechnen der Verbrennungsmotoren, p. 91. 
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discharged through the valve g into the receivor d when the 
pressure has reached the desired point. From d the compressed 
air flows into the power cylinder when the valve e is opened by 
the lever shown, through the action of a cam on the auxiliary 
shaft h, Fig. 11-16. On its way through the valve the air is 
saturated with the vapor of gasoline or petroleum by passing a 
layer of saturated felt held between two perforated plates. The 
small pump 7, shown in both figures and actuated from the cam 
shaft h, serves to keep the felt saturated. Just below this car- 
bureting device, a needle flame, kept supplied. with gasoline by 
the pump 7, is kept constantly burning, igniting the charge as it 
passes. The admission valve is opened as the working piston 
reaches its upper end of the stroke. The mixture therefore burns 
as the piston is traveling downward, and the rate of combustion 
is so regulated that the pressure remains practically constant 
during the time of admission Fig. 11-17 shows a typical work 

diagram. The card from the 


air cylinder is of course Just 
like the ordinary air-com- 
Fic. 11-17. — Power Card, Brayton ae diierane 

Engine The engine was governed 

by cutting off the mixture at 

the desired point. This was accomplished by making the admis- 

sion valve cam conical and sliding it along the shaft A by means of 

the governor shown, thus varying the time of opening of the valve. 

This oil engine was a thoroughly practical machine and found 

considerable application. Regarding its economy, a test by 
Clerk showed the following figures: 


Diameteriof Motor Cylindere reser eee 8” 
Stroke/ot Motor Cylmden. viscera Coe 12a 
Diameterof Ain Cylinder say .seen. 6 | eee eee 8” 
Stroke, of Air @vlimd ens: neascn, dc mene eiiere nomena 6” 
Meaia IVE 0. Tee a vine cies Boe rete. Mra ee er erer con eae 201 
Meane:B.. He. Petes. cia Brat ca adhietentrere sree eee ore 4.26 
Net: Indicated! EU .P. 7 cr2.0, ai. seis nee eee a een eee 5.40 
Pump EL Poca <i e ae use aateite nn eee 4.10 
Total Tey Be oie nhc 2h cree Tee eee 9.50 
Mechanical lifiicien cy: C7 meiner easeaeriee eeae 79.0 


Petroleum pr B. H. P.-hour, gals 


The fuel consumption shown amounts to a thermal efficiency 
of 6 per cent on the brake. 
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Tue Orro Encinr.— The Otto engine was patented by 
Nicholas A. Otto of Deutz; Germany, in the United States, 
August 14, 1877, and in England about one year earlier. The 
engine was shown with great success at the Exposition of 1878. 
It was called the “Silent” engine, probably in contradistinction 
to the free piston engine of the same inventor. 

The patent taken out by Otto is devoted principally to a 
description of an improved method of introducing air and gas 
into the cylinder of a gas engine, in layers or strata so as to make 
the explosion less violent in its nature. The patent describes 
three kinds of engines to which his process could be applied, viz., 
a non-compression engine, an engine of similar structure to the 
non-compression engine but in which the charge is compressed 
by external means before passing into the cylinder, and lastly 
the now common four-cycle engine in which the compression is 
performed in the working cylinder and which followed in its mode 
of operation the principles laid down in the French patent of Beau 
de Rochas in 1862. 

The Otto method of introducing air and gas in separate layers 
to produce slow combustion did not prove to be of practical 
value, but the construction described in Claim 3 of the American 
patent not only revolutionized all previous methods of gas engine 
construction but formed the basis for all subsequent practice. 
This claim is stated as follows: 


3. A gas-motor engine whérein, by one out stroke of the piston, separate 
charges of combustible gaseous mixture and air are drawn into the cylinder, 
which charges are compressed by the in stroke and then ignited, so as to propel 
the piston, which by its return stroke expels the products of combustion. 


The Otto engine was so greatly superior to all the earlier ones 
in economy and capacity for a given weight and regularity of 
operation that it soon distanced all competitors. Its success led 
to numerous infringements in Germany and England and in each 
of these countries a patent suit was brought; in Germany the Otto 
patent was declared invalid because of the earlier patent to Beau 
de Rochas, but in England it was sustained. In the United 
States no patent suit was brought, although there were doubtless 
many infringements before the patent expired in 1894. 

Figures 11-18 to 11-20 show a horizontal cross-section, a side 
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view and an end view of an Otto engine of 1884.* In this engine 
the admission of the fuel mixture and its ignition are controlled 
by the slide valve, b. This valve is actuated by a crank, d, and 
moves forward and backward across the cylinder head. The gas 




















Fie. 11-18. — Horizontal Section Otto Engine of 1884. 


valve, g, is actuated by a cam, g’, upon the side shaft, 7, while the 
exhaust valve, c, of the now usual poppet type, is actuated 
through a lever by means of a cam, e, upon the same shaft. This 
shaft, /, turns with one half the speed of the crank shaft. The 














Fia. 11-19. — Elevation of Otto Engine of 1884. 


admission slide valve is held against its seat by a cover plate. 
This plate contains the ignition arrangements and air and gas 
ports, which latter coincide with other ports through the valve 
proper and into the combustion chamber, a’, in certain positions 
of the valve. The gas valve is connected to the gas port in the 
plate by a bent pipe, d, while gas is furnished to the ignition 
apparatus by the small forked pipe shown in F ig. 11-20. 


* From Giildner, p. 43. 
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To explain the operation of the engine, suppose that in the 
position shown in Fig. 11-18 the piston is Just commencing its 
suction stroke. The exhayst valve, c, has just closed and the 
port in the valve coincides with the port, 7, into the cylinder. As 
the piston moves outward, only air is drawn in for the first part 
of the stroke, because the cam has not yet opened the gas valve, g. 
A little later g opens and the mixture is drawn in for the rest of 
the stroke. At the outer dead center the valve has closed the 
port, 7, and compression next-takes place. By the time the pis- 
ton has reached the inner 
dead center, the valve has 
moved far enough over to 
bring the ignition cavity, 
k, in front of the port, 7. 
The flame in k strikes in, 
causing the charge to ex- ~ 
plode. Expansion and ex- 
haust follow. 

The above method of 
drawing in the charge was 
by Otto supposed to re- 
sult in stratification, 7.e., 
according to his views 
there would be a layer of 
burned pacha the ‘Bra. 11-20, — End. View of Otto Engine 
piston, then a layer of air of 1884. 
and last the layer of mix- ; 
ture. He also claimed that this arrangement was not disturbed 
during compression. His argument was that, ignition taking 
place in the rich mixture, the pressure wave would soon reach 
the leaner mixture and the layers of air and burned gas in suc- 
cession, and “tone down,’ so to speak, in its intensity so as to 
avoid shock to the engine mechanism. The opinions of experts 
regarding the soundness of this theory are divided even to-day. 
See Chapter IV. 

The ignition apparatus used in the earlier Otto machines, up 
to the general introduction of electric ignition, was very similar 
to that employed by Otto in the free-piston engine some ten years 
earlier. Fig. 11-21 shows a cross-section through the ignition 
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cavities in plate and slide. One branch of the forked pipe, shown 
in Fig. 11-20, supplies a constantly burning flame, G, Fig. 11-21, 
while the second branch fills the cavity, B, with gas which gets 
its air supply through the port, C, the mixture igniting when it 
strikes the flame, G, as shown. When near the time of ignition, 
cavity B in the slide is cut off from its air and gas supply, but 
enough burning mixture is left in the cavity to ignite the charge 
in the cylinder when B registers with the port into the cylinder. 
Since the pressure in the compression chamber is so much higher 
than that in the cavity, there is danger 
that the flame will be blown out when 
communication is first established. To 
prevent this, just before the cavity and 
the inlet port commence to register, com- 
munication is established with the com- 
bustion chamber through a very fine 
opening, thus equalizing the pressures in 
inlet port and cavity. — 

The governing arrangements were 
simple and effective. The gas valve 
cam, g’, Fig. 11-19, was arranged to 
slide on the shaft, f. <A fly-ball governor 
controlled its position, and when the 
speed rose a certain amount above nor- 
mal, the cam was pulled far enough to the 
left to cause it to miss the valve lever, I. 
Thus the engine received no gas and an impulse was missed. 

Economy tests on early Otto engines were made by Slaby and 
Brauer, 1881, Teichman and Boecking, 1887, and by others. 
The thermal efficiencies on the brake ranged from 9 to 12 per cent. 
The best figure obtained by Brauer in 1886 on a Deutz 4 horse- 
power horizontal engine was a total gas consumption of 29.9 
cu. ft. per B. H. P. hour, which corresponded to a thermal efficiency 
of 15.5 per cent. Tests made by Brooks and Stewart at Stevens 
Institute, Hoboken, in 1882 on a 6 B. H. P. engine show about 
the same results. 

The engine shown in Figs. 11-18 to 11-20 is from the design 
standpoint a well-built machine, and shows a very marked ad- 
vance in this respect over all earlier forms. It will be noted that 
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Fig. 11-21. — 
Ignition Arrangements, 
Otto Engine of 1884. 
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the cross-head was still used. This was, however, soon dispensed 
with, substituting a trunk piston, and thus shortening the length 
of the machine. Another ghange soon instituted was the substi- 
tution of electric for flame ignition. 

CierK. — The disadvantage, inherent in all four-cycle ma- 
chines, of receiving a power impulse only once in four strokes, 
led other inventors to experiment with the two-cycle engine 
which gets a power impulse every turn. The change from four- 
to the two-cycle principle seems very simple, but is in reality 





















eon 
Hille 

Yi Kyla PATEL 

p S y 

ZI IDLE YN) SQ y 

2 > g | 
(OVW tran Za 
WY Lis. INS 

Zi N 

















Y dd 
a 









a ed Sow 
ws 4 


ssi, 
RY 








N 
EARS 
a 
LY SSS y 
IS, 





Wee 






L ore, 4 
fous SESS 
io 


Fie. 11-22. — Vertical Section, Clerk Engine. 


beset with many difficulties. Perhaps the earliest fairly success- 
ful worker was Clerk, who commenced to experiment upon two- 
cycle engines soon after Otto perfected his four-cycle machine. 
It was, however, not until 1880 that he succeeded in producing a 
serviceable machine. Figs. 11-22 and 11-23, both from Clerk, 
“The Gas and Oil Engine,” show a vertical and horizontal cross- 
section respectively. The operation of the engine is as follows: 
In Fig. 11-23 the power piston, C, has just reached the outer 
dead center and the main bulk of the exhaust gases have escaped 
through the ports HE’. In the meantime the displacer piston, 
D, which on its previous suction stroke has drawn a mixture of 
air and gas into B, has completed about half of its in stroke and 
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displaced the mixture into G and A through the connecting 
pipe, W. About the time D has completed its in stroke, the power 
piston, C, has covered the exhaust ports on its return stroke, and 
compression ensues in the main cylinder. The cylinder volumes 
are so proportioned that in theory no mixture can be lost through 
the exhaust ports. At the inner dead center of the power piston, 
C’, or just before, the igniting cavity, O, Fig. 11-23, comes oppo- 
site the port, NV, and the charge is fired. The piston is impelled 
forward and the next charge, drawn into B in the meantime, com- 
mences to enter the space G as soon as the pressure in A has 
fallen enough, after the beginning of exhaust, to cause the valve 
in the pipe between B and @ to lift. The intermediate valve 





Fie. 11-23. — Horizontal Section, Clerk Engine. 


arrangement is shown in Fig. 11-22. P is an air chamber. The 
air drawn in by the suction of the displacer piston, D, passes 
through the valve, H, and in so doing is mixed with gas which 
enters through a number of fine holes in the seat of the valve 
from the annular space, K. On the in stroke of the displacer 
piston the mixture under some pressure comes in under the valve, 
I, which it lifts as soon as the pressure of the exhaust gases 
above it has fallen low enough. 

The difficulty under which the engine labored was loss of 
mixture through the exhaust ports and consequent low economy. 
Although the respective volumes of the two cylinders may be in 
the proper ratio, the charge expands by heat on the transfer, and 
mechanical agitation favors the loss. In spite of this defect 
shop tests on 2, 4,6, 8, and 12 horse-power engines in 1885 gave 
results fully equal to those obtained on the four-cycle machine 
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of that day. The following table shows the results of some of 
these tests. 














Horse-power 2 4 6 8 12 
Dia. Motor Cyl., inches... 5 6 7 8 9 
Stroke Motor Cyl., inches. 8 10 12 16 20 
Dia., Displacer, inches... . 6 7 4 10 10 
Stroke Displacer, inches . . 9 dat 12 13 20 
RE EP MR Bets ag cla 212 190 146 142 132 
ES Boro Mie eeu 3.62 8.68 9.05 17.38 27.46 
DE Poe keene 2.70 5.63 7.23 13.69 23.21 
Mech Fut F307. Se chevcqctacte 74.7 65.0 80.0 78.8 84.5 
Gas per B. H. P. -hr., cu. ft.| 40.0 37.3 30.42 26.58 24.12 

















Figures 11-24 and 11-25 show a power diagram and a pump 
diagram from a 6 horse-power engine. 

4. Period of Application. — It is intended in what follows to 
give merely a brief résumé of the further development of the in- 
ternal combustion engine say =n 
up to 1897 and to reserve a 
more detailed description of 
the most important forms in 
the market to-day for the 
next chapter. 

On account of the Otto 
patent, which practically amounted to a monopoly, other manu- 
facturers were forced to turn their attention to the development 

. Of the two-cycle en- 

gine. How Clerk solved 

me the problem with fair 

= success has been already 

shown. He was fol- 

lowed by Wittig and 

Hess (1880), Benz (1884), Séhnlein, Giildner (1893-1898), Oechel- 

hauser (1896) and Koerting (1898) in Germany, Robson, Southal, 

and Samson in England, Benier (1894) in France, and Mietz 

and Weiss in the United States. Many of these engines are 

in the market to-day, and some are described in the next 
chapter. 

With the fall of Otto’s claims in Germany about 1885 the field 





Fig: 11-24. — Power Card, Clerk Engine. 


Fig. 11-25. — Pump Card, Clerk Engine. 
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became free, and many manufacturers of the two-cycle engine 
abandoned it for the more simple four-cycle. The fall of this 
patent was, in a sense, a misfortune as far as the two-cycle engine 
was concerned, as it held back the development of that type of 
machine at least ten years. It is only within the last six or eight 
years that the very obvious advantages of the two-cycle principle 
again received the attention they deserve. On the other hand, 
the development of the four-cycle engine after 1885 was extremely 
rapid. Thus while the limit of power was about 4 B. H. P. 
in 1878 and units of from 15-20 horse-power could be had in 1880, 
the limit soon rose to 100 horse-power in 1889 and 200 in 1893. 
Blast furnace gas called for units of 600 horse-power in 1898, 
while to-day engines developing up to 4000 horse-power are being 
built. With the increase in size up to the neighborhood of 200 
horse-power, there comes an increase in thermal efficiency. Thus 
a Crossley engine of 12 horse-power soon showed a gas consump- 
tion of 24.3 cu. ft. of illuminating gas per B. H. P. hour. To-day 
efficiencies exceeding 25 per cent on the brake, with lean power 
gases, are not rare, and Gildner, by intelligently applying sound 
principles of construction, has succeeded in obtaining economic 
efficiencies exceeding 30 per cent. 

It would lead too far for the scope of this book to describe 
even a fair percentage of the various four-cycle engines brought 
out between 1885 and 1898. The most prominent names con- 
nected with the development of these engines are perhaps Loutzki 
in Germany (1888), Delamare-Debouteville & Malandin, who in 
1900 brought out the first large blast furnace gas engine, in 
Belgium, Charon in France, Crossley Brothers in England (1892 
and 1898), and Westinghouse in the United States (1896). Four- 
cycle constant-pressure oil engines were developed by Capitaine 
(1889-91), Briinnler (1893-4), and Diesel (1893-97) in Germany. 
The Diesel engine is to-day one of our most important internal 
combustion engines, and is considered in greater detail below. 
Among the delevopers of the four-cycle constant volume oil 
engine, Daimler’s work in connection with the high-speed engine 
deserves special,mention. Other engines of this type brought 
out in this period are Spiel (1884), Capitaine (1885-90), Priest- 
man (1889), Hornsby-Akroyd (1892), Banki (1894), and Hasel- - 
wander (1898). 


s 
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One of the greatest achievements of this period is the develop- 
ment of the Diesel engine. 

DreseL. — The history of the Diesel. engine is interesting. 
It began in 1893 when Rudolf Diesel, in a pamphlet entitled 
“Theory and Construction of a Rational Heat Motor to replace 
the Steam Engine and other existing Heat Engines,” laid down 
the following “fundamental requirements for a perfect com- 
bustion.”’ 

1. Attainment of the highest temperature in the cycle, not by 
means of combustion and during the same, but before and inde- 
pendent of it by compression of air alone. 

2. Gradual injection of atomized fuel into this highly com- 
pressed and heated air so that during combustion no rise of 
temperature takes place, 7.e., the combustion shall be isothermal. 
For this purpose the process of combustion cannot after ignition 
be left to itself, but must be governed from the outside to main- 
tain proper relation between pressure, volume, and temperature. 

3. Correct choice of weight of air with reference to the heat- 
ing value of the fuel and the desired compression temperature, 
so that the practical operation of the machine, lubrication, etce., 
shall be possible without water-cooling. 

It is interesting to follow out these points and to see in how 
far their object has been attained. 

The intended fuel was coal dust, the cycle the Carnot. At 
the very outset, however, # pei ecation was made in the cycle 
in cutting out the isothermal compression and substituting for 
it one stage adiabatic compression. But a jacket was not thought 
necessary, and in fact a non-conducting lining for the cylinder 
was demanded. 

As a consequence of the above pamphlet, two firms, Krupp 
in Essen and the Maschinen-fabrik Augsburg, undertook the con- 
struction of experimental machines. As was to be expected, 
further changes from the original idea were necessary, the two 
most important of which were the substitution of oil for coal 
dust, and the use of a water jacket. 

In 1898 the experimental stage had been so far passed that 
Schroter could report test figures which more than doubled the 
thermal efficiency of the then existing Otto engines. The final 
form of the engine as now constructed is shown in Figs. 11-26 to 
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11-28, which represents a Diesel engine built by Krupp in 
1898.* 

The internal-cylinder construction offers nothing new; a is 
the suction valve for air, b the fuel valve, and d the exhaust valve. 
c is the starting valve not in commission during ordinary opera- 
tions. All are actuated through levers by cams on the shaft, f, 
which is operated from the crank shaft through the intermediate 
shaft, e; h is the air pump to furnish compressed air for fuel 
injection and for starting. Both of these are taken from steel 
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Figs. 11-26 to 11-28. — Diesel Engine, 1898. 
flasks into which h delivers; 7 is the oil pump under control of 
the governor which regulates the amount of oil per stroke to the 
load. 

On the first down stroke, the engine takes air through a and 
compresses it on the return stroke to a pressure of about 460 
pounds, with a temperature of about 1100 degrees Fahrenheit. 
Just before the end of the up stroke the fuel valve, b, is opened 


to a width of only a few hundredths of an inch, and the injection 
air, previously compressed to about 650 pounds by pump h, flows 


* Giildner, p. 101. 
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into the compression chamber, carrying with it and finely atomizing 
the oil furnished by the pump, 7%. The oil ignites on entering, due 
to the high compression temperature. In spite of the fact that 
isothermal combustion is intended, the lack of outside control 
causes a rise not only in the pressure of from 80-100 pounds, 
usually not very noticeable on the indicator card, but also a rise 
of temperature approximating 1800 degrees Fahrenheit. Thus 
while the intended mean temperature of the cycle of Diesel’s 
pamphlet was about 350 degrees, that realized in actual operation 
is about 950 degrees Fahrenheit. The time of opening of the fuel 
injection valve, b, is constant for all loads, but the effective stroke 
of the fuel pump, 7, ends the sooner the lower the load, thus 
effecting regulation. 

After the closing of b, expansion commences and is followed 
by exhaust through d on the return stroke. 

The engine is started by the compressed air furnished by h 
during a previous operation and stored in a tank. To start, the 
cams on the shaft, /, are pulled to the right by the lever, g. This 
puts the valves a, b and d out of commission and starting valve 
c in commission. On placing the crank just beyond the upper 
center, and opening the tank valve, the engine takes compressed 
air for a few turns just hike | ‘a steam engine takes steam. When 
the required momentum has been obtained, the cams are re- 
leased and are snapped back into place by a spring at the 
proper time. 

The history of the ec optient of the Diesel engine is interest- 
ing in that the final construction departs so far from the patented 
ideal that the engine of to-day does not seem to be protected by 
the claims of that patent. The fact that no igniter was neces- 
sary was only incidentally considered by Diesel, and is not ex- 
pressly covered by the patent. 

The first test figures on a Diesel engine were published by 
Schréter in 1897. The dimensions of the engine were: Cylinder 
diameter, 9.85”, stroke 15.7”, rated B. H. P., 18-20. The fuel 
used was American kerosene having a heating value of 18400 
B.T.U. The following table shows the results of two full load 
trials and compares them with some of the theoretical results 
figured by Diesel in his pamphlet of 1893.* 


* Gildner, p. 107. 
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Diesel Engine of 1897 Ideal Engine of 1893 
Dead permet e ci tian ee oie Full Full Sait 
USE Mingus sachet antic iets vos e oteeness 171.8 154.2 300 
Dalle Pies errant. tae oee ere 19.87 17.82 ? 
sotalol TUANP eeu istehentt a meuspee! 27.85 24.77 100 
Pump gels Psy eis cca ore aces 1.29 LLG 
INGESIEVELS Batcmrenel oe eis wero ere 26.56 23.69 100 
Oil per B. H. P.-hr., lbs. ....... 543 .523 |.247 lbs. of coal per I. H. P. 
Cooling water pr B. H. P.-hr., lbs. 154 203 Zero 
Compression Press., Atm....... 82.5 32.5 250 
Max. Comb. Pressure, Atm..... 36 36 250 
Temp. End of Compression, °C. . 550 550 800 
Temp. End of Combustion ..... 1600 1600 800 
Indicated Thermal Eff., %..... 33.7 34.7 73 
Mech eit. CL iairaee enn emit t fale) 72 nice 
Thermal Eff. on Brake, % ..... 25.2 26.2 2? 











It is clear from the above table that, although the engine did 
not realize the early expectation of its designer, the results shown 


Fie. 11-29.— Regulation Diagram, Diesel 


Engine. 


cent. 


obtained from Diesel engine. 


are a remarkable step in 
advance as regards the 
economy of the then ex- 
isting internal combustion 
engines. To-day even bet- 
ter figures are frequently 
obtained. E. Meyer, for 
instance, has lately tested 
a Diesel engine showing 
an indicated thermal effi- 
ciency exceeding 42 per 


Fig. 11-29* shows the general form of the indicator card 
This is a regulating diagram, the 


size of the card decreasing with the load by shortening the cut-off. 


* Giildner, p. 109. 


CHAPTER XII 
MODERN TYPES OF INTERNAL COMBUSTION ENGINES 


THE previous chapter brought the development of the internal 
combustion engine up to 1897. Since then expansion has been 
very rapid, until to-day we find that the design of gas engines 
has been standardized in the most important particulars just as. 
was the case with the steam engine some decades ago. It is in- 
tended in the present chapter to give a brief description of the 
most important engines found in the market to-day. An ex- 
amination of the market will show some fairly definite divisions 
among manufacturers as far as size of engine made is concerned. 
Thus there are but a half dozen firms in this country, and a few 
more than this in Europe, who make engines up to the very largest 
sizes. It is comparatively easy, therefore, to describe nearly 
all of these various engines, and this is very desirable on account 
of their importance. Next we find a somewhat larger number 
of medium sized engines of various types, and lastly a very large 
number of engines up to say 50 horse-power serving the general 
commercial field for small powers. It is of course inipossible to 
cover the last two classes of engines to any great extent. The 
majority of these engines do not differ except in minor details, 
and for these reasons the following list has been confined to what 
seem to be the most representative machines of each class. 

Regarding the general features of design, small engines are 
either horizontal or vertical. The cylinders are almost invariably 
single-acting, multiplication of power being obtained by increas- 
ing the number of cylinders. The vertical offers some advan- 
tages over the horizontal form, in that the foundation need not 
be as large or as heavy. Further it is claimed that it is easier 
to lubricate the cylinders uniformly, and that the wear on the 
cylinder is less. A favorite form of frame for this type of engine 
in this country is the box frame with enclosed crank case, using 
splash lubrication. Some European designers object to this 
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form, claiming that all supervision of crank pins and intermediate 
bearings is by this form of frame rendered impossible. The small 
two-cycle machine almost invariably uses the enclosed crank case 
for the pre-compression of the mixture. 

What has been said of the small machine applies in general 
also to medium sized engines. Vertical machincs here possess 
the added advantage that it is easier to dismount them by means 
of overhead crane than is the case with horizontal machines. 
The limit to a vertical engine comes in the head room required. 
For this reason all of the very large machines, as well as medium 
sized double-acting machines which require a cross-head, are 
horizontal. Another reason that may be cited is that it is easier 
to operate a medium sized or large horizontal engine than it is a 
vertical because all climbing or mounting platforms is avoided, 
and the whole installation is more completely under the operator’s 
eye. Finally, the use of some of the industrial power gases favors 
the use of the horizontal machine, because any dust carried can 
be much more easily swept out of a horizontal than a vertical 
cylinder during regular operation. 

The double-acting engine is perhaps not used as widely as it 
deserves to be, increase in power being generally sought by multi- 
plying the single-acting cylinders. There is, however, to-day no 
reason why double-acting cylinders are not as reliable as the 
single-acting. For large machines, double-acting cylinders are 
almost an economic necessity, and the clumsy four-cylinder 
double-opposed large engine has become thoroughly obsolete. 
The largest engines of to-day are double or twin two-cylinder 
tandem double-acting engines. 

The very obvious disadvantages of the trunk piston can be 
quite successfully overcome for small and medium sized machines, 
and hence it is almost universally employed for these sizes. But 
for large machines the use of the trunk piston is indefensible, 
being opposed alike by considerations of manufacture and of 
reliable operation. The fitting of large pistons of this type offers 
grave difficulties in the shop, and in operation proper lubrication 
is difficult; further, the main office of the piston is to confine the 
gases without leakage; to make it also act as the machine member 
to take up the lateral thrust of the connecting rod may, in large 
machines, seriously interfere with its main purpose. 
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The crank shaft of small and medium sized engines is nearly 
always of the center-crank type. This type is very rigid and, 
above all, transmits the stresses equally to both sides of the frame. 
In double or twin machines, however, such a shaft would call for 
four main bearings, the proper alignment of which might cause 
some trouble in large engines of this type. For this reason, some 
American makers prefer the side-crank shaft, which is a much 
less costly shaft to make, and reduces the number of bearings for 
a twin engine to two. Of course, the side-crank frame takes up 
the explosion stresses eccentrically, and therefore has to be 
designed heavier than the center-crank frame. On account of 
this fact and the generally higher stresses in gas engine frames 
as compared with steam-engine frames, European designers will 
not use the so-called side crank or Tangye form of frame. 

The period of experimentation in design, and of freak design, 
has largely passed in gas-engine practice, and, as mentioned at 
the outset of this chapter, standardization has made welcome 
progress during the last few years. The alcohol engine, now in 
its development as far as the United States is concerned, does not 
call for any radical changes in the existing designs of liquid fuel 
engines. As far as further progress is concerned, it is not unlikely 
that the next step will be the development of a highly efficient 
constant-pressure gas engine after the manner of the Diesel liquid 
fuel engines, taking up the thread again where Brayton left it in 
the seventies. LZ 


A. Gas Engines 


1. Smatu AND Meprium Sizep Enoines. — Among the best 
known makers of small and medium sized gas engines in this 
country may be mentioned the Otto Gas Engine Works of Phila- 
delphia, makers of the Otto engines; the Fairbanks-Morse Com- 
‘pany; the Jacobson Machine Manufacturing Company, of Warren, 
Pa.; the Jacobson Engine Company, of Chester, Pa., the Struthers- 
Wells Company of Warren, Pa., makers of the Warren engine; 
the Bruce-Meriam Abbott Company, of Cleveland; the Westing- 
house Machine Company; the Olds Gas Power Company, of 
Lansing, Mich.; the De LaVergne Machine Company of New York, 
makers of the four-cycle Koerting engines; the Weber Gas Engine 
Company of Kansas City, Mo.; the A. H. Alberger Company of 
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Buffalo, makers of the Buffalo tandem engines, the Foos Gas 
Engine Company of Springfield, Ohio, ete. 

In most cases the small gas engine operates on illuminating 
gas, natural gas, or gasoline, but in many instances attachments 
are furnished so that the engine can be run on either gas or liquid 
fuel as desired. Producer gas is not usually employed for very 





Fia. 12-1. — Westinghouse Engine. 


small units. A 10 to 15 horse-power suction gas producer for hard 
coal is the present lower limit and perhaps the exception, while 
soft coal. producers in their present state of development do not 
run less than 50 to 60 horse-power. 

The Westinghouse Gas Engine. —The cross-sectional cut, 
Fig. 12-1, shows the essential parts of the Westinghouse vertical 
engine. In this type the crank mechanism is completely enclosed, 
and splash lubrication is depended upon for the proper oiling of 
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the intermediate bearings, the crank pins and the pistons. Both 
the inlet and exhaust valves are mechanically operated by cams 
and shafts driven from the main shaft; the inlet valve, J, by 
means of cam B and lever C , the exhaust valve H by cam A and 
the roller lever shown. The igniter, operated from the inlet cam 
shaft, is located at F. Gas and air, after passing the chamber M 
in the proper proportion, enter the passage N on their way to 
the inlet valves. The engine is governed by means of a governor 
of the fly-ball type which regulates the amount of mixture enter- 
ing the passage N (see Chapter XIV). The smaller sizes of this 





Fig. 12-2. — Westinghouse Engine. 


machine have two cylinders, and can generally be started by 
hand; the larger sizes, above about 85 horse-power, have three 
cylinders and are generally started by compressed air, which is 
admitted to one cylinder, starting the engine, while the other 
cylinders operate normally. Figs. 12-2 and 12-3 show general 
views of three-cylinder machines. 

Engines manufactured under the Jacobson Patents. — There 
are two firms manufacturing engines under these patents, the 
Jacobson Engine Company of Chester, Pa., and the Jacobson 
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Machine Manufacturing Company of Warren, Pa. The engines 
made are of three types, hit-and-miss, automatic cut-off, and 
throttling. The Warren Company make hit-and-miss engines 
from 24 to 25 horse-power and automatic engines from 8 to 27 
horse-power. The Chester Company make hit-and-miss engines 
from 30 horse-power up, and automatic cut-off and throttling en- 
gines from 33 horse-power up. All of these engines so far men- 
tioned are single-acting. The automatic cut-off and throttling 





Fig. 12-3. — Westinghouse Engine. 


types are built as single-cylinder or as tandem or twin-tandem 
units. The Chester Company now also undertake the building of 
double acting automatic cut-off or throttling engine as tandem 
or twin-tandem units up to any power desired. 

The structural features of the engines built by the two com- 
panies mentioned are of course very nearly the same, so that one 
description will do for both. 

The general features of the hit-and-miss machine are shown 
in Fig. 12-4. The most interesting detail of the design is perhaps 
the removable cylinder bushing, which is an unusual but highly 
commendable construction for small engines. This not only 
allows of choosing the proper grade of metal for the cylinder 
barrel, but thermal stresses are also avoided by admitting of 


Z 


MODERN TYPES OF COMBUSTION ENGINES 269 


free expansion, in this case against the packing at the head of the 
bushing. On account of the manner of holding it, this packing 
can never be blown out. . 








vi eee 
ns Fic. 12-4, — Jacobson Hit-and-Miss Engine. 








The inlet valve is automatic, and is held in a separate housing. 
The manner of operating the exhaust valve and the governor 
control are shown in Fig. 12-5. The side shaft is operated by 
means of screw gears, which is the most satisfactory way of 
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transmitting the motion. The governor is of the fly-ball type and 
is operated by the lay shaft. When the speed becomes too high, 
the blade, C, Fig. 12-5, put in position by the governor, engages 
the block A on the exhaust valve lever, prevents this lever from 
returning, thus holding the exhaust valve open. 





e 





“INLET TO GAS MAIN, 





Fig. 12-6. — Gas Pressure Regulator for Jacobson Engines. 


Figure 12-4 also shows the make-and-break igniter. One 
block contains both electrodes and the location of the spark is 
central as regards the volume of the charge. : 

This engine can be run on either gas or gasoline, depending 
upon whether a gas regulator or a carbureter is employed. The 
type of regulator used is illustrated in Fig. 12-6. Its construction 
is very simple, there is nothing apparently to get out of order. 
It is claimed that this regulator furnishes the gas to the engine | 
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under atmospheric pressure at all times. The firm makes an 
attachment which allows of the change from one fuel to another 
at a moment’s notice. ‘ 

The general design of the automatic cut-off is the same as for 
the hit-and-miss engine, the differ- 
ence being in the governor and the 
valve gear. Fig. 12-7 shows the 
method of operating the inlet and 
exhaust valves and the igniter. The 
valve gear is shown in greater de- 
tail in Fig. 12-8. The seats and 
stem bushings are all easily accessi- 
ble and replaceable. The exhaust 
valve is operated in the ordinary 
way by.a cam from the lay shaft. 
For the inlet valve lever an eccen- 
tric is used. As the eccentric rod 
R rises, it pushes upward the valve Fie. 12-7.— Jacobson Auto- 
lever Q at the right end and opens eon we ote aeine: 
the inlet valve. The inlet valve spindle carries two discs, the main 
inlet valve and the gas valve. Just before the exhaust valve 
closes, the gear commences to open the inlet valve, but only air 
enters since the gas valve V remains closed. The air thus enter- 
ing serves to scavenge out the combustion chamber. A moment 
later the valve spindle has descended far enough for the set 
collar on the spindle to depress the gas valve, after which the 
mixture begins to enter the cylinder. Both valves close simul- 
taneously when the nose of the eccentric rod R is forced off the 
end of the valve lever by the action of the inclined plane P. The 
position of this plane is determined by the governor, which is of 
the fly-ball type and directly driven from the main shaft. Thus 
the valve always opens at the same point, but it closes sooner or 
later, depending upon the load. 

Figure 12-9 shows the general appearance of the automatic 
cut-off machine. They are built in sizes up to 27 horse-power 
by the Warren Company, and can be adapted to run on gasoline 
and natural, illuminating, or producer gas. The twin tandem 
type is shown in Fig. 12-10 and is built in sizes above 100 B. Eee 
for producer gas and above 120 B. H. P. for natural gas by the 
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Fic. 12-8. — Valve Gear, Jacobson Automatic Cut-off 
Engine. 


Chester Company. One-half of this unit, the tandem engine, is 
built in sizes from 60 B. H. P. upward for natural gas and from 





Fig. 12-9.— Jacobson Automatie Cut-off 
Engine. 


50 B. H. P. upward for pro- 
ducer gas. 

The Chester Company’s 
throttling engine, a general 
view of which is shown in 
Fig. 12-11, differs from the 
automatic cut-off machine 
only in some details of 
valve gear. A cross-section 
of this engine is shown in 
Fig.12-12, while Fig. 12-13 
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Fig. 12-10. — Jacobson Twin-tandem Automatic Cut-off Engine. 
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Fig. 12-13. — Valve Gear, Jacobson Throttling Engine. 


illustrates the valve gear. 


Both valves are operated by cams. 


The charge passes the mixing and throttling valve, which is con- 


trolled by the governor through 
the reach rod. shown. 

The Bruce-Meriam-A bbott 
Engine. —The Bruce-Meriam- 
Abbott Company, located in 
Cleveland, Ohio, manufactures 
engines for natural, illuminat- 
ing, and producer gas and for 
gasoline. The design used for 
natural and illuminating gas 
and for gasoline is shown in 
Fig. 12-14. The sizes range 
from 12to 250 horse-power, 
two-cylinder up to 125 horse- 
power, and four-cylinder above 
that size. The design of cylin- 
der and frame is along conven- 
tional lines. The cam shaft 
across the top of and between 





Fig, 12-14. — Bruce-Meriam-Abbott 
Engine. 
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the cylinders is operated through spur and bevel gears as shown. 
The valves are of the poppet type and are located in the head. 
Above 55 horse-power they are held in separate cages which are 
easily removable. The cam shaft operates these valves by rocker 
arms on either side. This construction is more clearly shown in 
Fig. 12-15. An excellent feature 
of the machine is the purely cy- 
lindrical form of the combustion 
chamber. 

Governing iseffected bya gov- 
ernor of the fly-ball type operated 
by the lay shaft. The governor 
sleeve operates one end of a lever 
passing between the cylinders, 

: Ms Eee the other end supports the mix- 
Fie. 12-15. — Detail of Bruce-Mer- ing valve, the details of which are 

BUENO NO DS shown in Fig. 12-16. Gas and 
air enter the annular space shown. On the suction stroke of the 
engine the gas flows into the space surrounding the piston valve 
and mixes with the air by flowing out through the port about 
half way up. The two combined then enter the interior of the 
valve through the six ports shown; from this chamber the mixture 
goes to the engine. The position of the 
valve controls the amount of throttling and 
thus regulates the weight of the charge 
going tothe engine. It is stated that from 
full to no load this valve has to move only 
ys inch. 

Jump spark ignition is used. The 
method of supporting the spark coil and 
the system of wiring is well shown in Fig. 
12-15. The timer is very simple. There 
are two copper pins each about }-inch di- Fic. 12-16. — Mixing 
ameter and ? inch long. One of them Valve, — Bruce-Mer- 
projects from the bottom of a small cup lated phot Engine: 
while the other is fastened to the end of a flat spring, and dips 
down in the same cup. The spring may be seen at A, Fig. 12-15. 
The cup is filled with oil and the points are normally held apart 
a small distance. Just before a spark is desired the spring is 
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depressed by means of a cam, the circuit is made by bringing the 
points in contact and the spark is produced at the moment the 
cam releases the spring. What amounts to an outside spark gap 
(see next chapter) is provided so that the spark may be watched. 

To convert any gas engine of this design into a gasoline engine 
it is necessary merely to furnish a fuel pump and to replace the 
iron piston valve of the mixer by brass or bronze to prevent rust- 
ing. To retain the high compression used with gas, however, 
this company has adopted the Banki principle of injecting water 
into the cylinder. The device is said to give entire satisfaction. 

For producer and natural gas this firm makes engines ranging 
from 25 to 200 horse-power, two-cylinder units up to 90 horse- 
power, and four-cylinder above that. The design of these engines 
is apparently somewhat different from those above described, 
Fig. 12-17, the principal change being that the lay shaft evidently 
runs alongside the cylinders instead of between them. The cylin- 
der and frame construction is otherwise the same, but the interest- 
ing feature about the design is the fact that the center line of the 
cylinder is offset about one-half the length of the crank from the 
center line of the main bearing, as near as can be scaled from 
the drawing. This is on the principle of the Ramsey crank 
mechanism, the idea of which is to equalize the wear due to the 
side thrust of the piston against the cylinder on both sides of 
the cylinder and to improve the turning moment. Both of these 
aims are attained with a moderate offset such as here used. 

The Fairbanks, Morse & Company Engines. — The Fairbanks, 
Morse & Company manufacture a number of different types of 
engines, both vertical and horizontal, for gas and liquid fuel. 
The general features of the horizontal design are shown in Fig. 
12-18. It appears from this that the exhaust valve, at the side 
of the cylinder, is mechanically operated, while the inlet valve 
placed in the head is automatic. The governor is placed in the 
fly-wheel and may be either of the throttling or hit-and-miss type. 
In the latter case it operates to hold the exhaust valve open. 
The ignition gear is of the make-and-break type, arranged so that 
at starting the spark may be retarded. 

Engines above 9 or 10 horse-power are fitted with a self-start- 
ing device which consists of two parts, a match detonator and a 
hand pump. Both are shown in plan in Fig. 12-18 at the side 
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of the cylinder. The hand pump serves to pump a combustible 
mixture into the cylinder, with the crank just beyond the center, 
which mixture is fired by igniting a parlor match inserted into the 
detonator. The pressure so generated is sufficient to start the 
engine under some load. 
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Fic. 12-17. — Bruce-Meriam-Abbott Engine for Producer Gas. 


Engines are build for gasoline, naphtha and distillate, for 
kerosene, for alcohol, and for gas. In each case, of course, the fuel 
feeding and mixing arrangements differ somewhat. In the liquid 
fuel engines the feeding device acts positively, a pump being used 
to inject the proper quantity of fuel into the charge of air. In 
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the gas engine there is instead a mechanically operated gas valve. 
If desired the engine may be arranged to run on either gas or 





ig. 12-18. — Fairbanks-Morse Engine. 


liquid fuel. Fig. 12-19 illustrates an engine having these features. 

The same company also builds two distinct types of producer 
gas engines. The first of these has the general features of the 
standard horizontal engine above described, the second is quite 
different, as shown in Fig. 12-20. In this design both valves are 
of the vertical poppet type, mechanically operated from the side 


shaft, the inlet valve on top, 
the exhaust at the bottom. 
As in the other Fairbanks en- 
gines, the ignition is by make 
and break. The governor is 
of the fly-ball type, operated 
from the lay shaft. Regula- 
tion is by throttling a mixture 
of constant proportion. 

The general type of Fair- 
banks vertical engineisshown 
in Fig. 12-21. These engines 
are built for any kind of fuel. 





Fic. 12-19. — Fairbanks-Morse Engine 
for Liquid or Gas Fuel. 
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Governing is effected by throttling the mixture; make-and-break 
ignition is used. Although the crank case is enclosed, lubrication 





Fig. 12-20. — Fairbanks-Morse Producer 


Gas Engine. 


is positive instead of by the 
splash method usually em- 
ployed in this design. 

The Koerting Four-cycle 
Gas Engine. — This German 
machine is manufactured in 
this country by the De La- 
Vergne Machine Company of 
New York. The general fea- 
tures of the design are clearly 
shown in elevation, Fig. 
12-22, and the two cross-sec- 
tions, Figs. 12-23 and 12-24. 
The entire design gives the 
impression of being very sub- 


stantial and thorough. The frame is a very rigid construction 
and the cylinder is supported by the frame throughout the 


length. The cylinder head 
is a somewhat complicated 
casting. The inlet and out- 
let valves are placed verti- 
cally over each other and are 
operated by cams from a 
lay shaft. The combustion 
chamber is divided by a 
water-cooled tongue project- 
ing from the cylinder head. 
The purpose of this projec- 
tion is to effectually cool the 
interior of the combustion 
chamber and to thus draw 
down the compression tem- 
perature, admitting of higher 
compression. The mixing 
valve, shown at the left of 





Fria. 12-21. — Fairbanks-Morse Vertical 





Engine. 


the transverse section in Fig. 12-24, is automatic. Regulation 
is effected by means of a governor of the Hartung type which 
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INTERNAL COMBUSTION ENGINES 
operates a butterfly throttle valve in the admission passage, as 
The speed is thus controlled by throttling. 
exceeding 100 horse-power the pistons are water-cooled. All 
engines above 12 horse-power have electric igniters while those 
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at least as constructed by the 
A full description will be 
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The Buffalo Tandem Engine. — This engine is made by the 
A. H. Alberger Company of Buffalo. 


below this power use the hot tube 


parent firm. 


MODERN TYPES OF COMBUSTION ENGINES 283 


found in an article in Power for February, 1907; from which the 
following illustrations are taken. Fig. 12-25 shows a general 
view, Fig. 12-26 a vertical cross-section, and Fig. 12-27 two 
cross-sections of the valve chest at right angles to each other. 
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Fig. 12-24. — Valve Gear, Koerting Four-cycle Engine. 


The engine differs materially from those previously described 
in having two cylinders in tandem, each acting on the four-cycle 
principle. The back piston is made like an ordinary steam engine 
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piston since there is no side thrust in this cylinder. Its piston 
rod passes through a water-cooled stuffing-box as shown. The 
back cylinder head is a simple flat plate not water-cooled; all 








Fig. 12-25. — Buffalo Tandem Engine. 


parts requiring it, however, are thoroughly cooled. The valves 
are of the double-guide poppet type and are placed side by side 
in a valve chest at the side of the cylinder, Fig. 12-27. Cams 
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Fig. 12-26. — Section Through Cylinders and Pistons of Buffalo Gas Engine- 


on a lay shaft operate these valves, as shown in the transverse 
section, Fig. 12-27. This make-and-break igniter, which is ad- 
justable during operation, is placed over the inlet valve at the 
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right side of the valve chest. The exhaust pipe is fastened at 
the left side as shown in the longitudinal section of the valve 
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chest. The jacket water, after passing through the jacket, is 


made to enter the exhaust pipe, cooling the gases and thus acting 


as a muffler. The mixing and governing arrangements of this 
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Fig. 12-28. — Mixing and Governing Arrangements Buffalo Engine. 


engine are shown in Fig. 12-28. The two inlet valve chambers 


are connected by a header, as shown in Fig. 12-25. At the center 
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this header carries the mixing valve. This valve, Fig. 12-28, is 
a hollow cylinder divided into two parts by a transverse partition. 
Each half has a number of slotted ports which in certain positions 
of the valve register with other similar ports in the cage. The 
valve has two offices. Its position up or down in the valve cage 
controls the ratio of air to gas. If moved up the effective gas port 
area is reduced, while that of the air ports is increased by the same 
amount, and vice versa. Thus no matter what the gas used, the 
total effective area is in all cases the same. Rotary motion of 
the valve controls the cut-off of the mixture along the suction 





Fig. 12-29. — Buckeye Two-cycle Engine. 


stroke. This action is controlled by a Rites inertia governor 
which operates through linkage as shown in Fig. 12-25. 

The Buckeye Two-cycle Gas Engine. — This engine, made by 
the Buckeye Engine Company of Salem, Ohio, illustrates a type 
of medium sized two-cycle engine. The following description is 
taken from Power, September, 1906. It is a single-acting scav- 
enging twin engine and can be made to operate also on gasoline 
or distillate. 

The present engine has two motor cylinders, with cranks set 
at 180 degrees, two fuel pumps and two air pumps. Fig. 12-29 
shows the side of the engine on which the secondary shaft is 
located and gives a good general view of the valve gear. Fig. 
12-80 is a sectional elevation of one element of the twin engine. 
The piston 2 performs a double duty; in addition to delivering 
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the power of the explo- 
sions to the crank, it 
compresses the charge 
in the chamber 18 for 
delivery to the com- 
bustion chamber. The 
cross-head 6 is in the 
form of a plunger and 
acts as an air pump and 
compressor piston in 
the chamber 7. The ex- 
haust ports are opened 
bythe piston 2,as usual 
in engines working on. 
the two-stroke cycle. 
These ports are shown 
at 14, 14, Fig. 12-30. 
Each piston compresses 
its own explosive mix- 
ture, but each cross- 
head plunger delivers 
compressed air for sca- 
venging to the combus- 
tion chamber of the 
other half of the engine 
unit. The cycle of 
operation is as follows: 

When the + piston 
uncovers the exhaust 
ports, the scavenging 
valve 11 is opened by 
the valve gear and com- 
pressed air at about 8 
pounds per square inch 
is admitted to the com- 
bustion chamber from 
the air pump of the 
other cylinder. This 
air blast sweeps out the 
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Section of Buckeye Two-cycle Engine. 


Fig. 12-30. 
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burnt gases, and the admission valve 10 is then opened, admit- 
ting a charge of gas and air from the compression chamber 18; 
this charge is also at a pressure of about 8 pounds per square 
inch. The piston further compresses the- charge on its back 
stroke, as usual, and it is fired by an electrical igniter. As the 
piston travels back, compressing the charge in the cylinder, it 
draws a fresh charge into the front end, 3, of the cylinder and the 
cross-head plunger similarly draws in a charge of air. The 
delivery of air from the chamber and passages 7, 20, and 19 is 
controlled entirely by the valve 11, but the intake of air by the 
plunger 6 is controlled by a piston valve 63, Fig. 12-31, which 
takes air from the chamber 68, connecting with the atmosphere 
through the base of the engine, and delivers it to the chamber 69, 
which is connected to the cross-head cylinder of the other half 
of the engine. The piston valve 62 takes in a mixture of gas 
and air through the chamber 67, which is connected with the 
supply source, and delivers it to the fuel pump 3, Fig. 12-30, 
through a balanced throttle valve 60, Fig. 12-381. The fuel 
pump then forces the mixture back through the throttle valve 60 
to the admission valve cage. The throttle valve thus regulates 
both the quantity of mixture drawn in by the pump and the 
quantity delivered by the pump to the combustion chamber. 
The mixture and air-intake valves are operated by connecting 
rods from a rock-shaft, as indicated in Fig. 12-81; the rod 38 
actuates the corresponding valves for the other half of the engine. 
This rock-shaft is oscillated by an eccentric on the main shaft 
and an eccentric rod. 

The governor is of the fly-ball spring-opposed type and serves 
merely to control the position of the balanced throttle valves in 
the fuel passages. Since the cylinder is filled with scavenging 
air every stroke, the variation of the amount of mixture admitted 
does not vary the compression pressure but merely varies the 
richness of the cylinder contents. 

The engine is equipped with both make-and-break and jump- 
spark igniters, but the former are ordinarily used. 

The Fairbanks Engine. — The Fairbanks improved horizontal 
enigne is of the four-cycle type and made to operate on gas or 
on gasoline, distillate or alcohol. 

The general appearance of the engine is well shown in Fig. 
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Fig. 12-31. — Governing Details of Buckeye Two-cycle Engine. 
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12-32 which shows the gas engine from the governor side, while 
Fig. 12-33 gives a front 
view of the same ma- 
chine. The cylinder is 
partly supported by 
the frame, as shown. 
Cylinder jacket wall 
and cylinder head are 
cast in one piece, doing 
away with all jackets. 
Both valves of the pop- 
pet type work upward 
and are mechanically 
operated. Fig. 12-34 
shows the position of 
these valves at the 
head of the cylinder. Each valve is placed in a separate cage, 
and, when closed, the valve 
face is practically flush with 
the wall of the combustion 
chamber. This results in a 
combustion chamber of very 
simple form. The lay shaft 
at the side of the engine is 
driven by two-to-one gearing 
from the crank shaft. It car- 
ries, Fig. 12-32, first the bevel 
gear for operating the hit- 
and-miss_ fly-ball governor; 
second a clutch arrangement 
for making and breaking the 
connection between the inlet 
and igniter cam sleeve and the 
lay shaft; third, the exhaust 
valve cam, and lastly the 
sleeve carrying the inlet valve 
and igniter cams. The gov- 
ernor acts by interposing a , a 
pick blade, prevents the ex- Fig. 12-33. — Fairbanks Engine. 





Fig. 12-32. — Fairbanks Engine. 
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haust valve lever from returning, and thus blocks the exhaust 
valve open. In this position a projection on the exhaust valve 
lever unlocks the clutch above mentioned, breaks the connection 
- between lay shaft and inlet cam sleeve, causing the latter to 
remain stationary. The inlet valve then fails to open as long as 
the governor does not withdraw the blade. It is possible to 
change the speed of the engine through a certain range by adjust- 
ing the governor during operation. 

The ignition system is of the make-and-break type, as is clearly 
indicated in Fig. 12-33. The electrodes are contained in one 
block, which is easily removable for inspection. 





Fig. 12-34. — Cylinder Construction, Fairbanks Engine. 


The method of operating the gas valve by means of the main 
inlet valve lever is also shown in Fig. 12-33. 

The Fairbanks gasoline engine is in all respects similar to the 
gas engine above described, except that the mixing valve shown 
at the left of Fig. 12-33 is replaced by a simple type of overflow 
earbureter which is supplied by a gasoline pump operated by a 
cam on the lay shaft. 

The Philadelphia Otto Engine. —'The general features of the 
design of this engine are shown in Figs. 12-35 and 12-36. These 
particular drawings refer to a 30 horse-power illuminating gas 
engine, but the same design is carried out in all horizontal engines 
from 5 up to and including 40 horse-power. Excellent features 
of the construction are the separate cylinder liner and the remov- 
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able valve cages for gas, inlet, and exhaust valves. Make-and- 


break electric ignition operated by a crank from the end of the 
lay shaft is used. 









Fie. 12-385. — Philadelphia Otto Engine. 





The producer gas engines made by this firm, the Otto Gas 
Engine Works of Philadelphia, show the same general make-up. 
Fig. 12-37 gives a general view of a type made in 60, 75, 95, and 
120 horse-power sizes. This design differs from that of Fig. 12-35 
mainly in that the cylinder is supported also near the end by an 
extension of the frame. 





























Fig. 12-36. — Philadelphia Otto Engine. 


The suction gas engines are governed by controlling the fuel 
valve, regulation thus being effected by changing the quality of 
the mixture. 

The Olds Gas Engine. —The Olds Gas Power Company of 
Lansing, Mich., build two types of gas engines: Type G from 


Z 
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8 to 100 horse-power and Type K from 25 to 300 horse-power, 
both being horizontal single-acting four-cycle engines. 





Fig. 12-387. — Philadelphia Otto Producer-gas Engine. 


Type G is illustrated in Fig. 12-88. This engine may be used 
either for gas or gasoline. There appear to be no very unusual 
features in its general design. Both inlet and outlet valves are 





Fie. 12-38. — Olds Type G Engine. 


of the poppet type, but an auxiliary exhaust opening is used to 
relieve the main exhaust valve. The exhaust valve is mechani- 
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cally operated by means of a straight push rod and cam. Igni- 
tion is by make and break. The governor is of the hit-and-miss 
type and operates to hold the exhaust valve open. The mixing 
arrangements are not specially described in the available informa- 
tion on this engine. 

Type K engines are of somewhat different design and embody 
in their make-up the best and most advanced ideas. A general 
view of the machine is given in Fig. 12-39. Among the excellent 
features of this design are the following: The jacket wall is in- 
tegral with the frame. The cylinder liner is made of a grade of 





Fig. 12-39. — Olds Type K Engine. 


metal especially adapted to the service and consists of a straight 
cylinder with a flange at the outer end. This flange is received 
into the frame and is held in place by the cylinder head. This 
construction allows of even and unrestricted expansion. The 
cylinder head contains the openings for the inlet and outlet valve 
cages and is designed with the greatest possible regard to expan- 
sion and cooling stresses. The following description of the valve 
mechanism is taken from the catalogue published by the 
company. 

The inlet and exhaust valves are of the vertical poppet type, 
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mechanically operated and working in long guides in the same 
vertical axis with the inlet valve at the top and the exhaust 
valve at the bottom. The inlet valve and gas valve have a com- 
mon stem and the cage is 80 arranged that a thorough mixing 
occurs just at the entrance to the cylinder. The gas valve opens 
slightly later than the air valve and by special construction used 
a perfect seating of both valves is assured at all times. On the 
smaller sizes, by removing the inlet valve cage the exhaust valve 
is perfectly accessible, while on the larger sizes the exhaust valve 
may be removed together with its hollow water-cooled seat with- 
out disturbing the inlet valve. This is easily done as its weight 
is counterbalanced. Both valves are operated by a single cam 
which is designed so as to have a quick, full valve opening, with- 
out noise or clatter. Valves and valve ports are of liberal sizes 
so undue throttling is avoided. The valve springs are of the 
highest grade spring steel, and rest on plates which, being sup- 
ported on ball and socket joints, do away with side thrust. All 
parts and particularly all bearings are made of ample dimensions 
with provision for oiling every wearing surface. The lay shaft 
which is driven from the crank shaft through spiral gears operates 
the valve mechanism, governor and ignition mechanism. 

The speed is controlled by a governor, apparently of the 
Hartung type, which is driven from the lay shaft and serves to 
throttle the mixture admitted to the cylinder. 

Figure 12-40 gives a good view of the ignition arrangements. 
The current is supplied by 4 low-tension make-and-break Bosch 
magneto, the operation of which is explained in Chapter XIII. 
The point of ignition can be easily changed during operation by 
adjusting the lever along the row of holes A—R. 

The Warren Engines. —The Struthers-Wells Company of 
Warren, Pa., manufacture various types of engines, both hit- 
and-miss and throttling, all operating on the four-cycle prin- 
ciple. 

For ordinary power purposes the firm builds the single-cylinder 
hit-and-miss engine illustrated in Fig. 12-41. This engine is made 
in sizes from 10 to 90 horse-power. Above 30 H.P. the instal- 
lations are equipped with special starting devices. 

All of the other types are apparently governed by throttling. 
The next higher range of power, 35 to 200 horse-power, is covered 
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by the two-cylinder throttling engine shown in Fig. 12-42. The 
manner of governing is clearly indicated. 

A special type of the two-cylinder engine, for which maximum 
economy and closest regulation is claimed, is shown in elevation 
in Fig. 12-43. This engine is made in two sizes only, 110 and 
125 horse-power. From the vertical section, Fig. 12-44, showing 
the cylinder construction, it is seen that the cylinder barrel and 
jacket are cast in one piece. The valves are of the vertical poppet 





Fig, 12-40. — Igniter Details, Olds Type K Engine. 


type, opening upward, and are placed in a valve cage integral 
with the cylinder head. The manner of operating these valves 
by cams and levers from a valve shaft running across the engine 
under the cylinders is shown in both Figs. 12-43 and 12-44. 
Governing is effected by throttling the mixture in the supply pipe 
just before it divides. The centrifugal governor and its linkage 
are indicated in Fig. 12-45. In some cases the governor is located 
between the cylinders as shown in Fig. 12-43. A cross-section 
through the valve chest, Fig. 12-46, shows the method of operat- 


: 
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Fig. 12-42. — Warren Throttling Engine. 
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Fie, 12-43. — Warren Throttling Engine. 














Fig. 12-44, — Vertical Section Warren Throttling Engine. 
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Fig. 12-46. — Cross-section through Valve Chest, Warren Two-cylinder En- 
i gine. 
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ing the make-and-break igniter, and the location of the starting 
valve in the valve chest cover just above the exhaust valve. 

Warren engines, covering the range from 200 to 325 horse- 
power, are of the tandem single-acting type, a general view of 
which is shown in Fig. 12-47. The cross-section, Fig. 12-48, shows 
the cylinder construction, which is unique in some cf its features. 
The back part of the main frame forms the jacket wall for the 
front cylinder. The cylinder barrel itself is cast in one piece with 
the cylinder head. The construction of the back cylinder is 
similar. The distance piece between the two cylinders rests on a 
separate base, and forms, for a portion of its length, the jacket 
wall for the rear cylinder. The front piston is of the ordinary 
trunk type. The back piston is longer than is usual in pistons 
not subject to side thrust. The method of water-cooling piston 
and rod is clearly shown. 

The valves are of the vertical poppet type held in separate 
cages which are easily removable. The exhaust valves, at the bot- 
tom of the cylinder, are water-cooled. The valve gear is shown 
in detail in Fig. 12-49. Both valves are operated from the same 
cam on the lay shaft. The operation of the exhaust valve is clear. 
The motion of the inlet valve varies, depending upon the load. 
The valve opens and closes always at the same time, because the 
lift of the actuating cam is not changed throughout the entire 
range of load. The governor, however, through the linkage shown, 
controls the position of the sliding block above the valve lever, 
moving it in or out, depending upon whether the load falls or rises. 
This block acts as the fulcrum about which the valve lever turns, 
and hence the lift of the valve is made proportional to the load. 
The inlet valve stem carries the gas valve. The latter opens 
somewhat later than the main inlet valve. The manner of mix- 
ing gas and air is clearly indicated in the figure. Butterfly valves 
in the air and gas passages serve to help control the proportions 
of the mixture. The ignition system, operated from the lay shaft 
as shown in Fig. 12-49, is of the make-and-break type. 

The Struthers-Wells Company also builds vertical engines up 
to 600 horse-power. The older multi-cylinder types of these 
machines are practically nothing but two or three separate engines 
direct connected. Thus a 450 horse-power unit now in operation ° 
consists of three engines with two fly-wheels between the cylinders. 
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Gear of Warren Single-acting Tandem Engine. 


Fic. 12-49. — Valve 
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In the later designs this has been modified. A 600 horse-power 
vertical engine lately completed is of the four-cylinder A-frame 
type mounted on a solid bedplate with the fly-wheels at the ends. 

2. Larce Gas ENernes. — Large gas engines of American 
design are manufactured by the Westinghouse Machine Company, 
by the William Tod Company, Youngstown, Ohio, by the Snow 
Steam Pump Company, Buffalo, by the Riverside Engine Com- 
pany, Oil City, Pa., and by the Wisconsin Engine Co., of Corliss, 
Wis., makers of the Sargent engine. There are, however, a few 
other firms making large engines of foreign design. Thus the 
De La Vergne Machine Company of New York make the Koerting 
two-cycle engine, and the Power and Mining Machinery Company 
the Crossley engine. The Allis-Chalmers Company, who built 
the Niinberg engine, have apparently an engine on the market 
that is not strictly of Nirnberg design. Besides these well- 
known machines made in this country, the Premier engine made 
in England, the Cockerill engine made in Belgium, and the Ger- 
man Oechelhéiuser and Deutz engines, should be mentioned. 
‘The Oechelhaiuser and Koerting engines are made under license 
by a number of firms in Germany, and in the case of the Koerting 
engine, also abroad. While it has in general been easy to get 
sufficient descriptive material on the above-mentioned engines, 
this does not apply to certain machines of American design, and 
the information given is hence somewhat meager. 

The Westinghouse Horizontal Engine. — There seems to be 
available practically no definite information on the constructive 
details of the Westinghouse horizontal double-acting tandem en- 
gine.* The older type apparently used the center crank and the 
combustion, or at least the valve, chambers were placed at the 
sides of the cylinders. The later types of horizontal engines built 
by this company approach much nearer to established European 
practice. Thus the engines installed in the power plant of the 
Warren and Jamestown railway system have the valves in the 
central lines of the cylinders, as shown in Fig. 12-50. The latest 
design is shown in Fig. 12-51, which represents a 3000 horse-power 
unit for the power plant of the Carnegie Steel Company at Besse- 
mer, Pa. In this type the side crank is used, but outside of this 


* A full description of the Westinghouse Engine has just appeared in 
Power, April, 1908. 
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nothing is definitely known to the writer regarding the mechanical 
details. An interesting development of very recent date is the 





Fig. 12-51. — Westinghouse Double-acting Tandem Engine. 


Westinghouse vertical single-acting tandem engine shown in Fig. 
12-52. This engine was built by the British Westinghouse Elec- 
tric and Manufacturing Company.* 

The Tod Engine. — The following description of this engine 
is taken from the Iron Age of July 18, 1907: 

“The general ap- 
pearance of the engine 
is shown in Figs. 12-53 
and 12-54. The cyl- 
aT =e inders are arranged in 

: ‘= pairs, two cylinders 
being connected in 
tandem to each crank 
pin. The valve gear, 
igniter, switchboard 
and operator’s hand 
wheels are all situated 
between the cylinders 
and are easily accessi- 
ble from an operating 
platform placed just 


Fia. 12-52. — Westinghouse Vertical Single- below the level of the 
acting Tandem Gas Engine. center lines of the cyl- 





* W. H. Booth, Cassier’s Magazine, November, 1907. 
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inders and shaft. The foundation level under the cylinders being 
several feet lower than under the frames, leaves ample room be- 
low the cylinders to make the exhaust valves, etc., easily acces- 
sible, a very desirable but somewhat unusual feature. 

“The cylinders and water jackets are integral and cast in 
halves, secured together with flanged joints at the center. The 
cylinders are not attached directly to the main bedplates nor to 
each other, but are supported by the tie pieces in such a way 
that the barrels themselves are entirely free. All strains are 
transmitted through four heavy forged steel tie bolts extending 
the entire length of the cylinders, and attaching directly to heavy 
lugs on the bedplate. This obviates the transmission of the 
strains through the cylinder walls, and contributes to accessibility 
and the easy removing of parts. The pistons are of steel, with 
cast-iron junk rings, and the pistons and rods are water-jacketed 
in the usual manner. Adjustable tail-rod supports take the weight 
of the pistons and rods from the cylinders. 

“ The valve gear is driven by eccentrics, eliminating entirely 
the cam drive, which has been an objectionable feature of many 
of the gas engines heretofore built. There is one eccentric for 
each end of each cylinder, which drives both the inlet and exhaust 
valves — an arrangement that reduces the number of parts. 
The eccentrics are mounted on two lay shafts running parallel 
to the axes of the cylinders. The latter are driven by a cross 
shaft, which, in turn, derives its motion from two eccentrics 
mounted on the main shaft. The inlet valves are on top of the 
cylinders, and the exhaust valves on the bottom. The inlet valve _ 
proper is of the mushroom type, sealing the ports from the pres- 
sure in the cylinders. The main valve is operated by a rolling 
lever and returned to its seat by a spring. The mixing valves 
and governor valves are of radial gridiron type, and are located 
in the upper section of the valve bonnet. The mixing valves 
may be operated individually or collectively by a suitable hand 
mechanism. The governor valve which controls the admission 
of gas has constant travel, the time of opening being controlled 
by the governor by either increasing or decreasing the angle of 
advance of the crank which operates them, since the engine is of 
the constant-compression type. 

“The governor is of the fly-ball pattern and is in duplicate, 
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one controlling the operating valves on each side of the engine. 
The two are driven by Morse chains through a flexible coupling, 
and are connected by a cross rod which may be removed in case 
it: is desired to operate either side of the engine alone. 

“Hach end of each cylinder is equipped with two igniters, one 
operated mechanically and the other by a solenoid. Either may 
be used independently or the two together. The igniters are 
under control of the governor, and when the engine is at rest are 
automatically thrown back to the dead center. The ignition is 
on the make-and-break system, using direct current at 90 volts, 
supplied by a motor generator set, which is so designed that 
either end may be used as a motor or a generator, or both may be 
used as generators by driving directly from the engine shaft. 
Connected in series with each igniter is a tell-tale lamp on the 
switchboard, giving a positive indication as to whether or not the 
igniters are sparking, short-circuited or burnt out.” 

The Sargent Engine. — The Sargent complete expansion 
engine, made by the Wisconsin Engine Company of Corliss, Wis., 
is shown in general elevation in Fig. 12-55 and in transverse sec- 
tion in Fig. 12-56. As far as the constructive details of this en- 
gine are concerned, it has the merit of great simplicity. The 
engine is built as a double-acting tandem. There is but one valve 
to control admission and exhaust for each end of each cylinder, 
and but a single cam to perform these various offices, while a 
second cam operates the igniter. The lay shaft is driven from 
the main shaft by a pair of worm gears. The governor is of the 
inertia type, the Rites, and operates to advance or retard the 
lay-shaft, thus controlling the time of cutting off the admission 
of the incoming charge to the cylinder. This construction is 
decidedly different from that used by other designers. 

The combination valve is shown in cross-section in Fig. 12-56. 
Its operation is described as follows: 

““Gas is piped to the chamber A in the sub-base and air to the 
chamber B, which pass through the cylinder supports to the 
chambers A’ and B’, ready to pass into the mixing chamber 
when the cam depression M N passes the roller and the ports F 
in the piston valve register with the ports H and D in the bush- 
ing. When the piston valve goes down to this position, the con- 
fined air in the piston valve dash-pot forces open the poppet valve, 
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thus giving free admission to the charge. When the point NV 
of the cam reaches the roller, it is forced down, while the other 
end of the lever goes up, carrying the piston valve which cuts off 
the admission. The poppet valve seats and both valves remain 





ae 


Fie. 12-56. — Transverse Cross-section Sargent Engine. 


in normal position during compression, ignition, and expansion, 
or until the point L on the cam pushes the roller down and the 
piston up, which opens the poppet and the exhaust gases pass 
out through the ports K and the elbow W to the exhaust pipe 
under the floor. 

“The poppet valve seals the opening in the combustion chamber 
during the compression and inflammation, and the piston valve, 
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holding against no pressure, works loosely in its bushing, cutting 
off the admission and guiding the exhaust. 

‘« As the poppet valve controls both the inlet and outlet gases, 
both the valve and seat keep cool and need to be ground not over 
once or twice a year. The mechanism is simple and, as the roller 
is always bearing on the cam, the valve motion is practically 
noiseless.’’ 

By revolving the piston valve by the index wheel, the blind 
port S varies the mixture to suit the gas whether it has 100 or 
1000 B. T. U. per cubic foot. 

The fundamental idea of the Sargent engine is to get complete 
expansion of the charge in the cylinder. In the ordinary engine, 
which at full load draws in the charge to the full stroke of the 
piston, or nearly so, the terminal pressure is anywhere from 25 
to 50 pounds, and the final temperature over 1000 degrees Iah- 
renheit. Sargent claims that his engine, cutting off the stroke at 
full load at three-quarters of the suction stroke, will show a ter- 
minal pressure slightly above atmosphere and a temperature of 
about 400 degrees Fahrenheit. The system of speed regulation 
by cutting off at various points along the suction stroke is one 
used by several makers, but in nearly all cases the engines cut off 
at nearly full stroke for full load, that is, at full load the ratio of 
compression is nearly equal to the ratio of expansion. In the 
Sargent engine the ratio of expansion always exceeds the ratio 
of compression, and a lowering of the terminal pressure and 
temperature is of course the result. There is no doubt that this 
lowering of the temperature has a great deal to do with any 
success that the use of a combination valve such as described 
above may have. In the Sargent engine the rated power is 
developed when the governor cuts the admission off at three- 
quarter stroke; the rest of the stroke may be considered potential 
over-capacity. In spite of the fact that ordinary experience 
shows a gas engine to be most efficient when it is developing its 
maximum, not the rated, load as long as normal speed is main- 
tained, the claim is made for this engine that its best efficiency 
is obtained when cutting off at three-quarter stroke. 

The Koerting Two-Cycle Engine. — The Koerting engine is of 
German design, made in this country by the De La Vergne Machine 
Company of New York. This is one of the two successful large 
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two-cycle gas engines in Europe, the other being the Oechel- 
hduser, not made in America. Koerting two-cycle engines are 
now made by several German firms, whose constructions differ 
somewhat among themselves and from the parent design, mainly 
in frame and governor details. The latter seem to have an im- 
portant bearing upon the amount of work done by the pumps. 
The type made by the De La Vergne Machine Company is best 
illustrated from the catalogue of the firm. Fig. 12-57 shows a 
cross-sectional elevation and a plan of this machine, used in this 
case as a blowing engine. It is seen that the engine has but a 
single cylinder which is double-acting. There are thus exactly the 
same number of power impulses per turn as in a single-cylinder 
steam engine. The piston is very long, about seven-eighths of the 
stroke, and is of course water-cooled. This makes it necessary 
to support its weight at the cross-head and at a tail-bearing to 
save both cylinder and stuffing-boxes. At the side of the power 
cylinder there are a gas and an air pump which furnish gas and 
air by separate passages to the mixture inlet valves at the top of 
the cylinder. The manner of driving these pumps from a side 
crank and of operating the piston valves, which control them, 
by means of rocker arms driven by an eccentric from the main 
shaft, is clearly shown in Fig. 12-58. Fig. 12-59 illustrates the 
valve shaft side of a partially constructed machine and shows the 
manner of operating the inlet valves and igniter gear. The 
exhaust gases are taken care of by a ring of ports in the middle 
of the cylinder. These ports are uncovered by the piston alter- 
nately on each side (see Fig. 12-57). 

The operation of the engine is as follows: 

It will be seen from Fig. 12-58 that the pump crank is in the 
neighborhood of 100 degrees ahead of the main crank, 7.e., when 
the latter is at either dead center the pumps have completed 
about one-half their stroke. From the beginning of its discharge 
stroke the air pump B, Fig. 12-60, has forced its charge of air into 
the passage leading to the main inlet valve and has forced some 
of this air also partly up to the gas passage, which is the inner 
concentric passage surrounding the inlet valve stem. In the 
meantime the piston of the gas pump A, the motion of which has 
been exactly the same as that of the air pump piston, has been 
allowed to shove back part of its charge into the gas suction pipe. 
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At the moment, therefore, when the exhaust gases have nearly 
completely escaped from the main cylinder through the ring of 
ports, and the main inlet valve is opened, there is at first a rush 
of air from both the air and gas passages. This serves to drive 
the remainder of the exhaust gases out of the cylinder. A mo- 
ment later the gas pump starts to deliver gas and the mixture 
enters the cylinder. By the time the power piston has covered 
the exhaust ports on its return stroke, the air and gas pistons 





Fig. 12-59. — Valve Gear of Koerting Two-cycle Engine. 


have reached the end of their stroke, the inlet valve closes and the 
mixture is compressed in the power cylinder. Ignition is by 
electric spark. 

The speed of Koerting two-cycle engines is controlled by pro- 
portioning the amount of gas to the load. In the American type 
this is accomplished by putting butterfly throttle valves /-/, Fig. 
12-60, in the discharge passages of the gas pump. The position 
of these valves is controlled by the governor, which, as some of 
the other illustrations show, is of the centrifugal type. This 
method of pump control is open to the objection that if the 
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gas used is at all dirty, the frictional resistances soon become so 
great as to render the governor inoperative. Some of the im- 
provements of the later Koerting engines have been devoted to 
this very point. A modified design of gas pump is that of Klein 
Bros., Dahlbruch, Fig. 12-61.* In this construction the piston 
forces the charge back into the suction space through the ports 
shown at the middle of the cylinder, for one-half the stroke. The 
amount of gas delivered to the discharge passage during the last 





Fig. 12-60. 


half depends upon the position of the small overflow piston valves 
near the bottom. This is controlled by the governor through the 
linkage shown. Another point that has given some trouble in 
the first designs of Koerting engines is the fact that the time 
available for the opening and closing of the inlet valve was but a 
very small part of the time of one revolution. The inertia actions 
were very severe and hence the engine speed was somewhat. re- 
stricted. This difficulty has been overcome in an elegant way in 
the design of the Siegener Maschinensban A-G as shown in Fig. 
12-62. Here the lay shaft moves only at one-half the speed of 


* Hoffman, Zeitschrift d. V. d. I., September 15, 1906. 
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Fig. 12-62. — Modification of Inlet Valve Gear, 
Koerting Two-cycle Engine. 
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the main shaft, the same as in four-cycle engines, but the valve is 
opened twice for every turn of the shaft. 

Reinhardt states that the Koerting engine is well adapted to 
blowing service because it starts easily under load and is certain 
in its operation through a wide range of speeds. 

The Riverside Engine. — This engine is made by the Riverside 
Engine Company of Oil City, Pa., and embodies in its details 
several features decidedly different from those of other large 
engines. Fig. 12-63 shows the heavy duty double-acting tandem 
type and illustrates the peculiarity of the valve construction very 
clearly. Besides this type, this firm also builds  single-acting, 





Pia. 12-63. — Riverside Heavy Duty Double-acting Tandem Gas Engine. 


single-cylinder and twin engines, and single-acting tandem engines. 
One of the single-acting, single-cylinder engines is illustrated in 
Fig. 12-64. The following is a description of the main features 
of the double-acting machine. It applies with little modification 
also to the single-acting type. Fig. 12-65 shows in cross-section 
the cylinder, valve and piston details of the double-acting engine 
and will serve as an aid in following the description of these parts. 

The main frame or bed is of the heavy duty tangye rolling-mill 
type with bored guides and main bearings cast in a single piece, 
and is of great weight and extreme rigidity. The cylinder end 
of main frame is squared similar to cross-section of cylinder, and 
has machined holes for receiving the tie bars which attach the 
cylinder. The design of this frame, with its bored guideway, is 
such that a large portion of the. metal is above the center line, 
making it exceptionally stiff. 
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The shaft is of side crank, built-up type and is machined all 
over. 

The cylinders are made in two halves, with heads and valve 
chest cast integral without jotnts or packing, and are held rigidly 
to the main frame by four heavy steel tie bars which take all 
tension strains. The cylinders are mounted on a heavy cast-iron 
sole plate, having a machined top surface which keeps cylinders 
in alignment, permits perfect freedom for expansion and contrac- 
tion, and by removing distance piece, cylinders can be slid end- 
wise on sole plate, giving easy access to interior of cylinder, pistons 











Fie. 12-64. — Riverside Single-acting Single Cylinder Gas 
Exigine. 


and piston rings. Rings can be cleaned or changed without dis- 
turbing piston or rod. The sole plate makes a drip pan under all 
the cylinders, keeping oil drip from foundation. The exhaust and 
inlet piping is attached to the sole plate, hence no piping except 
the water-jacket piping has to be disturbed when cylinders are 
moved. There is no overhead piping or wiring to interfere with 
traveling crane. 

Both inlet and exhaust valves are of the semi-balanced water- 
cooled poppet type, operated in a vertical position. All water 
passing to the cylinder jacket passes through valves first, giving 
perfect and positive cooling without any attention whatever. 

The balancing pistons run in renewable liners and are lubri- 
cated positively. These pistons form a large and perfect guide, 
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assuring positive alignment for these valves indefinitely. The 
valve seats are renewable and are located slightly below bottom 
of cylinder bore, so that all foreign substances are swept from the 
cylinder at each exhaust stréke. All valves are readily removed 
from the top of the cylinder without disturbing cam shaft. 

Piston and piston rods are water-cooled, the water entering 
through a telescopic joint connected to side of cross-head. Cir- 
culation through each piston is positive and the overflow is so 
arranged that pistons are kept full of water. Water passages 
through piston and rod are large and easy so that not over ten 
pounds’ pressure is required for circulation. The overflow is 
visible so that water cannot come to a boiling-point without 
attracting engineer’s attention. A heavy tail-rod support and 
adjustable shoe is provided for carrying weight of pistons and 
rod. The construction of the piston rod is such that a piston in 
either cylinder can be removed without disturbing the other 
cylinder or the connecting rod, cross-head or any part of the valve 
gear. ; 

The valve gear of the Riverside engine is very simple and con- 
sists of a single shaft mounted on top of the engine, running in 
self-oiling bearings. This shaft runs at one-half the speed of the 
main shaft and carries the inlet and exhaust cams, cams for 
operating the oil pumps, and the timers for ignition system. 
Power is transmitted to the inlet and exhaust valves by an inlet 
and exhaust lever hung on a-single pin. All cams are keyed 
rigidly to the cam shaft. This construction makes a minimum 
number of joints subject to wear. Ample adjustments are pro- 
vided for taking up wear. . 

Ignition is by an improved method throughout, consisting of 
two magnetically operated spark plugs in each cylinder. The 
sparking points being in series with the magnet coils give a posi- 
tive external indication by the movement of the armature as to 
whether the spark takes place within the cylinder. The timing 
is electrical; no gearing or mechanical trips being used, simply 
a No. 14 stranded wire running through iron armored conduits 
leads to each plug. 

The timer is mounted on the secondary shaft and is built in a 
heavy, substantial manner. The contacts are of the wipe type 
and are made of tool steel, and are adjustable for wear. A visible 
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indicating spindle shows the amount of contact. The entire 
wearing parts of timer are run in oil, which prevents burning of 
the contacts and reduces wear to minimum. Wiring from the 
timer to each spark plug is protected by a five ampere enclosed 
fuse; thus, should any spark plug become damaged or short-cir- 
cuited, it would have no effect on the rest of plugs. Any spark 
plug can be removed and replaced while the engine is in opera- 
tion. 

The time of ignition in all cylinders can be adjusted simul- 
taneously, and by an individual adjustment the time of ignition 
in any cylinder can be adjusted independently. All of these 
adjustments can be made when the engine is in operation. 

The method of starting the double-acting engine is as follows: 

A gas-engine driven air compressor is provided for supplying 
compressed air for starting this engine, air to be stored in a suitable 
steel receiver. The pneumatic starting gear on the engine consists 
of two shifter pistons mounted within the valve lever carry- 
ing pin. These pistons are shifted by throwing a small three- 
way cock which applies compressed air to one side of the piston, 
which in turn moves the valve levers 3 inch, bringing the cam 
rollers in line with an auxiliary cam which puts all the valves in 
both ends of one cylinder into two-cycle action, or, in other words, 
makes a poppet valve air or steam engine out of this cylinder, 
which permits the engine being started on any stroke and on 
either quarter. The operation being entirelyautomatic, the 
engine will run as long as compressed air is applied. The other 
double-acting cylinder continues to operate as a four-cycle gas 
engine and takes up its explosions after the first revolution. 
Compressed air is then shut off from the starting cylinder and the 
three-way cock reversed, which permits the cam levers being 
returned to their normal position and that cylinder immediately 
goes into four-cycle action and takes up its explosions on the next 
revolution. The starting gear adds practically no complication 
to the engine as the regular inlet and exhaust valves are used for 
distributing the air. There are no extra shaft or auxiliary valves 
and no tappings into the cylinders. There is only one compressed 
air pipe leading to the sole plate, air being delivered into the fuel 
duct and entering the cylinders via the inlet valves. 

The Crossley Engine. — This English engine is made in this 
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country by the Power and Mining Machinery Company of New 
York, and known as the American Crossley. 

These engines are built as,single-cylinder, two cylinder-opposed 
and double-opposed units, sizes ranging from 50 to 1300 B. H. P. 
This design differs radically from that of other large engines in 
that the single-acting cylinder is retained up to the largest sizes, 
7.e., the design is in a way nothing but an enlargement of the small 
four-cycle machine. It is fundamently the same design employed 
at first by the Deutz Company for their large engines, but has 
been given up by them some years ago in favor of double-acting 
engines. 

Figures 12-66 and 12-67 show a general elevation and a cross- 
sectional elevation respectively of the single-opposed type. The 
cylinder castings are securely bolted to each end of a central frame 
casting. Both connecting rods work on one crank pin. The 
pistons are water-cooled. The cylinder proper is a separate liner, 
resting at the crank end in the jacket casting and ‘held at the head 
end by the cylinder head. The head carries the gas and inlet 
valves, while the exhaust valves is placed in a separate casting. 
The position of inlet and exhaust valve is shown in Fig. 12-68. 
Both are operated in a horizontal position by means of bell cranks 
by cams on a lay shaft. In this respect the engine differs from 
most others in which the valves are nearly always vertical. The 
objection to the horizontal form is at least partly overcome by 
giving the exhaust valve a gtide at each end. This valve is 
water-cooled, as is necessary in large machines. The lay shaft s, 
Fig. 12-66, is operated by spiral gears, and actuates the main 
inlet, the cut-off valve, the gas valve, the exhaust valve, and the 
igniter gear. 

Gas and air enter the mixing chamber M, Figs. 12-66 and 
12-69 through a proportioning valve, the air direct and the gas 
through a special gas valve. From here the mixture passes a 
multi-port cut-off valve, which surrounds the valve stem of the 
inlet valve and is shown in greater detail in Fig. 12-70. This cut- 
off valve is operated from the lay shaft through the rocker arm 
C, Fig. 12-71. The governor, shown in plan in Fig. 12-69, serves 
to shift the fulcrum / of the rocker arm c, Fig. 12—71, thus cutting 
off the mixture supply to the main inlet valve earlier or later as 
the load demands. Should the load drop so far that the com- 
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Fig. 12-68. — American Crossley Engine, Inlet Valve 
: at A, Exhaust Valve at £. 





Fia. 12-69. — Details of Valve Gear, American Crossley Engine. 
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bustion becomes sluggish under very low loads, the engine auto- 
matically shifts over to the hit-and-miss governing by the gover- 
nor withdrawing the block b, Fig. 12-69, thus keeping the gas 
valve closed altogether.” 
In multi-cylinder engines 
the point at which this 
occurs is so adjusted 
that one cylinder after 
another changes over to 
the latter system of regu- 
lation and not all of them at the same time. ; 

The American company for some time adhered to hot tube 
ignition, but some of the later engines were fitted with make-and- 
break electric ignition. 

The Snow Engine. — The Snow Steam Pump Company build 





Fig. 12-70.— Inlet Valve, American Crossley 
Engine. 





Fra. 12-71. — End View, American Crossley Engine. 


two types of horizontal double-acting four-cycle machines, called 
respectively Type ‘A’ and Type “B.” Both of these designs 
differ radically from the construction of other large gas engines 
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in that the valves are placed in chambers at the side of the cylin- 
ders. There are reasons for and against this construction, the 
main disadvantage being perhaps the cut-up form of the com- 
bustion chamber. Some of the many advantages are outlined 
below. . 

Type B engines are built in single-cylinder units from 20 to 
125 horse-power, and in tandem units from 80 to 500 horse- 
power. The general features of the design are shown in eleva- 
ion in Fig. 12-72 and in cross-section in Fig. 12-73. 





eb 


Fig. 12-72. — Snow Type B Gas Engine. 


The most notable installations of Type A engines is found in 
the Martin station of the San Mateo Power Company in Cali- 
fornia. This station at present contains three of the twin- 
tandem units, a fourth is in course of erection, and the foundation 
is laid for a fifth. Fig. 12-74 shows a general view of the station, 
and also serves to give a general idea of the appearance of the 
engines. The engines of the Martin station were described in 
great detail by C. P. Poole in an article in Power, January 14 and 
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21, 1908, to which the writer is indebted for the following infor- 
mation: 

Figure 12-75 shows in cross-section the main features of the 
design, while Fig. 12-76 is a transverse cross-section through one 
of the valve chambers to show the valve contraction. Each cylin- 
der of the twin tandem unit is 42 inches in diameter by 60-inch 
stroke. The engines are direct connected to Crocker- Wheeler 
generators rated at 4000 K.W. each. They are capable, however, 
of carrying momentarily an overload of 33 per cent, and have 
demonstrated their ability to carry 15 per cent overload con- 
tinuously. These figures make these units the largest gas power 





Fic. 12-73. — Crossséction of Snow Type B Gas Engine. 


engines in the world. The fuel used is an oil-water gas made by 
the Lowe process. 

The main frame is of the side crank type. The cylinders are 
cast in two parts, fastened together by flanges at the center, as 
shown in detail in Fig. 12-77. This construction makes the outer 
wall independent of the cylinder wall proper, and avoids tempera- 
ture stresses. The valve chambers are cast integral with the 
cylinder casting. The cylinder heads are plain jacketed covers 
containing nothing but the stuffing-boxes. For the purpose of 
safety against leakage, however, each head has a double seat. 
The front and rear cylinders are connected by a distance piece of 
box-section, which has large openings in the side through which 
heads and pistons may be removed if required. The pistons are 
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made in two parts bolted together. These pistons, together with 
their rods, are of course water-cooled, the water entering at the 
front cross-head and leaving at the tail cross-head. 

The distinguishing feature of these engines, however, is the 
valve construction, shown in detail in Fig. 12-76. Mr. Poole, in 
the article mentioned, describes the gear as follows: 

“The cam shafts which drive the valve gear are driven by 
steel gears, bevel gears being used on the main shaft, driving back 
through spur wheels to secure the proper reduction in speed of 
two to one. The igniters and lubricators are also driven from 
the cam shafts, as are also the starting valves, which admit com- 
pressed air on the cylinders for starting. The inlet. and exhaust 





Fig. 12-75. 


valves are driven by cams made of chilled cast iron, located on 
the cam shafts, which run in bearings bolted to the side of the 
valve chambers. 

“The inlet and exhaust valves are of the unbalanced mush- 
room type, working in cages secured to the top and bottom of the 
valve chamber. Both valves and their cages are water-jacketed, 
in order to prevent back-firing or pre-ignitions on account of the 
treacherous nature of the gas used. Each inlet valve is com- 
- bined with a combination mixing and throttling valve, of piston 
form, so designed that when the inlet valve opens gas and air 
ports in proper porportion are opened for the passage of air in 
proper proportions, the amount of the opening of both being 
fixed by the governor. From this it will be evident that the 
engines operate with variable compression and constant mixture, 
the supply of air and gas to each end of each cylinder being 
throttled directly at each inlet valve for its end of its cylinder. 
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“The exhaust valves are of cast iron with nickel-steel stems 
and are thoroughly water-jacketed, the water being fed to and 
carried from the valve ky positive circulation. The connection 
of the exhaust valve cages with the exhaust pipe is so made that 
the cages can be readily removed without disconnecting any other 
part of the engine.” 

In discussing the reasons for locating the valves at the side, 
Mr. Poole quotes the builders as follows: 

“Tt permits of the use of an absolutely continuous bedplate 
under all cylinders, which is considered essential on engines as 
long as these are for maintaining absolute alignment and permit- 
ting unrestricted movement to 
compensate for variations in 
temperature in cylinder walls 
and connecting parts. 

‘A solid, unbroken founda- 
tion from one end of the engine 
to the other is thus secured, 
and the builders consider that 
a solid, unbroken foundation is = 
more essential for a gas engine yyq_ 12-77, — Cylinder Construction, 
than for any other prime mover Snow Type A Gas Engine. 
on account of the enormous 
weight of the reciprocating parts and the inability to fully coun- 
terbalance. ye 

“Tt enables all working parts of the engine, without exception, 
to be located above the engine-room floor and therefore to be in 
full view of the attendants at all times. 

“Tnlet- and exhaust-valve driving motions from the cam 
shaft are short and direct. 

‘“Bxhaust valves are much more accessible for removal when 
located on a valve chamber on the side, since the crane can be 
used throughout the entire operation and all work in connection 
with the removal and displacement of the exhaust valves is done 
from the engine-room floor. 

“With valves located in a side valve chamber, broken inlet 
and exhaust valves cannot get into the interior of the cylinder 
and lodge between the piston and the cylinder-head, causing 
wrecks. 
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“Tt has been very generally the opinion of gas-engine designers 
that the location of the valves in a side valve chamber of the 
kind used on the California engines entailed the certain disadvan- 
tage that foreign material entering the cylinder with the air and 
gas would deposit on the bottom of the cylinder counterbore, 
while if the exhaust valve be located on the bottom, such deposits 
will be carried out through the exhaust valve; furthermore, that 
lubricating oil collects in the bottom of the counterbore and is 
carbonized, causing back-firing and pre-ignitions. Experience 
with these engines thus far indicates that if lubrication is properly 
effected no carbonized oil is found in the cylinder, and that when 
oil is supplied excessively the resulting deposit of carbon is located 
not on the surface of the clearance space, but on the top of the 
piston barrel directly under the oil-inlet holes, on the piston rod 
where it wipes in from metallic packing, and on the face of the 
cylinder head directly under and close to the piston-rod hole 
in the head.” 

The Cockerill Engine. — This machine is built by the Soe. 
Anon. John Cockerill in Seraing, Belgium. This firm apparently 
builds several types of engines, differing among themselves mainly 
in their valve constructions. Fig. 12-78 * shows a 1200 horse- 
power tandem gas engine, in which the inlet valve is on top, the 
exhaust valve on the bottom of the cylinder. Both are operated 
apparently from the same cam on the lay shaft.. This type of 
machine is built either for quality or quantity governing, in 
which case the construction of the inlet valve differs. Fig. 12-79 
shows another form, a single-cylinder double-acting engine direct 
connected to a blowing cylinder. The details of the valve gear 
of this machine are quite clearly shown in Fig. 12-80.+ Both 
inlet and outlet valves are side by side at the bottom of the cyl- 
inder. 

Figure 12-81 shows the latest form of the double-acting tan- 
dem Cockerill engine.{ The distinctive features of this machine 
are that all valves are placed below the cylinder and that eccen- 
tries only are used for operating these valves. The valve gear 
proper represents one of the most complicated constructions used 


*H. Dubbel, Z. d. V. d. L., Sept., 1905. 


+ Gildner, p. 479. 
t Gildner, p. 481. 
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Fig. 12-78. 





Fig. 12-79. 
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to-day and is shown in section in Fig. 12-82. In this figure at | 
the left, the eccentric, through its rod a and the lever b, operates 
the cam c which positively opens and closes the exhaust valve 
through the triple lever d. ~The inlet valve eccentric, Fig. 12-82, 
at the right, in a similar manner operates the gas valve cam c 
and the inlet cam c’. The lever b actuating the gas valve cam 
is disengaged from the rod a when the trip arrangement /-/’ is 
brought into play by the cam disc e. The position of this disc 
on its shaft is regulated by the governor, through the linkage 
shown, thus effecting speed regulation. The dash pot h allows 
the gas valve to seat noiselessly after its linkage is released. 





Fia. 12-81. — Cockerill Double-acting Tandem Engine. 


s 


é 

The Cockerill engine has found considerable application in 
Europe, there being about 80,000 B.H. P. in operation in 121 
engines, ranging from 200 to 3000 B.H.P. The fuel used is 
mainly blast furnace gas. 

The Niirnberg Engine.— Although the Allis-Chalmers Company 
of Milwaukee have been the American licensees of the Maschinen- 
Gesellschaft Niirnberg, makers of the Nurnberg engine, the large 
gas engine now turned out by the American firm, differs in some 
of the important details from the original German design. 

The Niirnberg engine is to-day perhaps the most important 
four-cycle gas engine built in Germany, and for that reason a 
description is first given of the German machine, to be followed 
by a few details of the Allis-Chalmers engine as far as they could 
be obtained. 
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All of the medium sized and large Niirnberg engines are double- 
acting, either single-cylinder or tandem. They range in size 
from 250 to 6000 horsespower, the larger powers being the twin- 
tandem type. Probably the best description ever given of this 
machine is contained in Riedler’s ‘‘Gross Gasmaschinen,” from 
which the cross-section, Fig. 12-83, together with the two follow- 
ing figures, is taken. This cut shows frame, cylinder, and valve 
construction very clearly. The only part rigidly fastened to the 
foundation is the main frame, which is of the center crank type, - 
as preferred by all European builders. The cylinders rest on 
supports such that they can freely expand and contract under 
temperature changes. The gas and inlet valves are placed on 
top and the exhaust valve at the bottom of the cylinder. The 
inlet and exhaust ports are cast in one part with the cylinder and 
jacket walls. This reduces the cylinder heads to simple water- 
jacketed covers, a point of great advantage as compared with the 
complicated cylinder heads of former days. All valve cages with 
their valves are easily removable for inspection. The exhaust 
valves are water-cooled. The valves are operated from a lay 
shaft running alongside, Fig. 12-84, by means of eccentrics and 
not by cams. How this motion is transmitted to the valve stems 
by roller levers to avoid shock and noise is very clearly shown 
in Fig. 12-85. The pistons are as simple as those of a steam 
engine. The method of fastening them on the shaft together with 
the water-cooling arrangements for rods and pistons are indi- 
cated in Fig. 18-83. The weight of piston and rod is carried by 
outside bearings, which relieves both cylinder and stuffing-boxes. 

The greatest attention to accessibility has been paid in the 
design of this engine. As shown in Fig. 12-86, by disconnecting 
the piston rod between the cylinders, disconnecting the connect- 
ing rod and sliding the rod and cross-head forward, and by taking 
off the front and rear cylinder covers, the entire engine interior is 
at once open to inspection. 

The Niirnberg engine regulates by pure quality regulation, 
that is, the amount of gas only is cut down as the load drops. 
To accomplish this there is a gas valve placed ahead of each main 

inlet valve on the top of the cylinder. Fig. 12-83 shows the con- 
struction of these valves in section and the method of operating 
them by eccentrics from the lay shaft may be seen in Fig. 12-84. 
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Fig. 12-84. — Nirn 





—85. — Details of Valve Gear. 


Fie. 12 





Tic. 12-86. — Showing Accessibility of Niirnberg Engine. 
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The latter illustration also shows the centrifugal governor and 
the governor shaft running alongside of the cylinders. From this 
governor shaft reach rogs run to the gas valves and control the 
time of the opening of these valves in the manner explained in 
Chapter XIV. In some of the later engines the details of the 
governor mechanism are changed somewhat * but the principle 
of operation is the same in all, 7.e., to open the gas valve later in 
the stroke as the load drops and to keep the time of closure the 
same. The air is not throttled at any time, hence the compres- 
sion remains about the same. It is interesting to trace out the 
sequence of events in a four-cycle tandem engine, for which pur- 
pose Fig. 12-87 published by the Allis-Chalmers Company is given. 


SEQUENCE OF OPERATIONS IN 
THE FOUR-CYCLE, DOUBLE-ACTING SYSTEM, 


TANDEM OR TWIN TYPE. 





Se Compression Suction Exhaust > Ist Stroke 
Compression Suction 
Exhaust POWER & j <—\——= 2nd Stroke 
WE! ompression = > 
Suction Exhaust Fe 7 i, 3rd Stroke 
xhaust 
Compression Suction POWER <$<———s 4th Stroke 


4 POWER STROKES IN 2 REVOLUTIONS. 
f Fie. 12-87. 


Most Niirnberg engines operate on blast furnace gas. The 
table on page 346, also from the catalogue of the Allis-Chalmers 
Company, will serve to give some idea of the cylinder sizes, speeds, 
floor-space, etc. 

It has already been mentioned that the engine now built by 
the Allis-Chalmers Company is not quite like the Nirnberg ma- 
chine. The following is a description of one of these engines, as 
given in Power, January 21, 1908. The engine, Fig. 12-88 is of 
the twin-tandem, double-acting type and direct connected to a 
1040 K.W. Crocker-Wheeler generator: 

“Tt is of the side-crank type so generally used in steam engine 


* See Zeitschrift des Vereins deutscher Ingenieure, Aug. 11, 1906, and Sept. 
22, 1906. 
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construction. The pistons are supported entirely by the piston 
rods, which are turned with sufficient camber to make them dead 
straight when the weight of the pistons is put on them. The 
rods are equipped with intermediate and tail shoes, as usual with 
large tandem construction, running on guides between the cylin- 
ders and behind the rear cylinder, in addition to the main cross- 
head. 
NURNBERG GAS ENGINE 
TABLE OF STANDARD SIZES 
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Notr — The overall widths given in the above tables allow for a plain fly-wheel: 
proper addition must be made if a band-wheel is substituted or an electric generator 
direct connected upon the crank-shaft. 


“There are two inlet valves to each combustion chamber, one 
for air and one for gas, but both are mounted in a single cage. 
The air valve is of the piston type and the gas valve is of the 
poppet type, its axis being in line with that of the air valve. 
The latter is opened at the beginning of the suction stroke and 


MODERN TYPES OF COMBUSTION ENGINES 347 


kept open throughout that stroke. The gas valve, however, is 
open during varying proportions of the suction stroke, according 
to the requirements of the load. The engine, therefore, operates 
with constant compressidn and varying mixture proportions. 
The compression pressure is about 180 pounds per square inch, 
absolute. 

“The ignition is by make-and-break mechanism electrically 
operated; that is, the movable electrode is rocked by means of an 
electromagnet and the latter is energized by the ignition current 
controlled by a ‘timer’ or so-called commutator driven synchro- 





Fic. 12-88. — Allis-Chalmers Double-acting Twin Tandem Engine. 





nously with the cam shaft. ‘Tell-tale incandescent lamps are 
connected in circuit with the igniter magnets and indicate the 
performance or default.” 

The main differences between this and the Nurnberg engine 
then appear to be different cylinder supports, the combination of 
the gas and inlet valves in one housing, and the use of the side- 
crank frame. 

Premier Engine. — Probably the best description of this 
engine is found in Robinson’s ‘‘Gas and Petroleum Engines.” It 
is of what is known as the positive scavenger type, 7.e., the com- 
bustion chamber is thoroughly washed out with air before a new 
charge is admitted. The cylinder is single-acting, and single- 
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cylinder and tandem units are built. The former go up to 250 
horse-power, the latter up to 1200 horse-power. The pump 
serving to furnish the air for scavenging is usually placed ahead 
of the first power cylinder, but in some of the later designs the air 
pump is placed obliquely above the first cylinder. 

Figures 12-89 and 12-90 are two illustrations from Robinson. 
The first shows the general appearance of the machine, the method 
of operating the inlet and exhaust valves from the lay shaft, the 
oblique rod to operate the air-pump valve, and the governor 
details. The second shows several sectional views from which 
the operation may be explained. The piston D of the single- 
acting air pump is rigidly connected to the piston C of the first 
power cylinder. The second power piston is connected by means 
of the yoke K and the side rods R R to the air pump piston. 
Thus the use of a stuffing-box in the combustion chamber of the 
forward power piston is avoided. H H are the combination air 
and gas inlet valves, and GG the exhaust valves, operated as 
shown in the transverse cross-section. 

The operation is as follows: On the out stroke, air is admitted 
to the air pump D through the grid valve F’, shown in the section 
X X. On the return stroke this air is compressed into the passage 
D-E, and serves to scavenge out the power cylinder just exhaust- 
ing when the inlet valve H into that cylinder is opened about one- 
half exhaust stroke. On the next out stroke the air pump takes a 
new charge, but at the same time the valve F has also opened 
communication to the passage H, so that the cylinder just charg- 
ing may draw air freely. Above the inlet valve H there is placed 
a cylindrical valve, which during the scavenging action opens the 
air ports completely and keeps the gas ports closed, but which, 
at the beginning of the charging stroke, shifts its position to give 
the proper relation between air and gas. While the exhaust and 
charging strokes above described take place in one, say the first, 
cylinder, the second has completed its compression and expansion 
strokes. On the third (the in stroke) of the pump, therefore, we 
shall have compression in the first cylinder and exhaust in the 
second. The pump then scavenges out the second cylinder dur- 
ing the last half of its exhaust stroke. 

Speed regulation in this engine is effected by the governor 
cutting out the gas from the back cylinder altogether below a 
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Fia. 12-89. — Premier Gas Engine. 
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certain load. Above this a charge of gas is admitted occasion- 
ally, while above half power both cylinders work practically 
continuously. . 

Robinson states that the tandem design and the positive 
scavenging action make the Premier engine well adapted for the 
burning of cheap fuel gas. Giildner judges, from the high eff- 
ciencies obtained in conjunction with mean effective pressures 
exceeding 110 pounds per square inch, that the combustion process 
in this engine must be very perfect. 

The Deutz Engine. —The Deutz Company of Deutz-Cologne 
were the first firm to build Otto engines and they have from the 
first been prominently identified with the development of this 
type of engine. Their present-day constructions embrace several 
designs of excellent form. 

The large engines are all double-acting and are made either 
single-cylinder, twin or tandem. The general features of the de- 
sign of a 600 B. H. P. twin engine are shown in longitudinal cross- 
section in Fig. 12-91 and in transverse section in Fig. 12-92.* 
The cylinder differs from that of the Niirnberg engine in that the 
jacket wall is not continuous. This is done, of course, to prevent 
temperature stresses. The central space is closed by a saddle 
casting as shown. Inlet and exhaust valves are placed in separate 
cages easily removable. The details of piston design and the 
water-cooling arrangements are clearly indicated. The manner of 
operating the valves from Ahe lay shaft is shown in Fig. 12-92. 
All Deutz engines govern by throttling a mixture of constant 
composition. In the particular engine under discussion the 
throttle valve is a multi-ported cylinder surrounding the inlet 
valve stem. It is so designed as to keep the ratio of gas to air 
the same as that set by the hand-operated valves shown in the gas 
and air passages, but depending on the load, the mixture is 
throttled more or less. How the movement of the valve is con- 
trolled by varying the position of the fulerum about which the 
throttle valve lever turns can be easily traced out by following 
the governor linkage. 

The arrangement of the throttle valve is somewhat different 
in smaller engines. Thus in the 250 B.H. P. engine, a cross- 
section of which is shown in Fig. 12-93, the throttle valve is 


* From H. Dubbel, Zeitschrift d. V. d. I., Sept. 2, 1905. 
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Fic. 12-92. — 600 B. H. P. Deutz Engine. 
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Fig. 12-93, — Valve Gear Details, 250 B. H. P. Deutz Engine. 
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independent of the main inlet valve. The governing features, 
however, are quite similar. 

The Oechelhiéuser Engine. —'The Oechelhaiuser Engine, built 
by several firms in Germany, is a two-cycle machine of distinctive 
design, as may be seen from the cross-sections, Figs. 12-94, which 
represents a 1000 horse-power machine built by A. Borsig.* 

The power cylinder is open at both ends and contains twa 
single-acting pistons. The front piston is connected to the 
middle crank of a three-throw crank shaft by piston and connect- 
ing rod in the ordinary manner. The rod of the back piston is 
fastened to a yoke which transmits the motion through rods on 
each side of the cylinder to cross-heads and connecting rods 
working on the two outside crank pins. This construction, 
while complex and probably costly, results in almost perfect 
balance. There are no valves as such. The exhaust gases escape 
through a ring of ports which is uncovered by the front piston 
near the end of the out stroke. Similarly the back piston near the 
end of its out stroke uncovers first a ring of ports admitting a 
charge of air for scavenging, and a moment later the gas or mix- 
ture ports. On the return stroke these rings of ports are covered 
one after the other and compression ensues between the two 
pistons. When in their inner dead center position, ignition is 
made to take place electrically, and the pistons are driven apart 
on their power strokes. 

Gas and air under ceftain small pressures are furnished to 
the receivers surrounding the inlet ports by means of a combina- 
tion air and gas pump which is usually operated by a tail rod. In 
blowing engines the blowing cylinder is usually so connected, and 
the air and gas pump is then placed under floor. 

At full load the mixture follows the preliminary charge of 
pure air used for scavenging to about three-quarters or seven- 
eighths of the stroke. Regulation is effected by controlling the 
amount of mixture admitted to the cylinder. The means for 
doing this are discussed in Chapter XIV. 

Oechelhiuser engines have given good satisfaction on blast- 
furnace and coke-oven gas. The general appearance of a twin 
engine of this type is shown in Fig. 12-95. 


* Hoffman, Zeitschrift d. V. d. I., Sept. 15, 1906. 
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Fig. 12-94. — 1000 H. P. Borsig-Oechelhiuser Two-cycle Engine. 
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B. Liquid Fuel Engines 


3. GASOLINE ENGINES. — The very great majority of all port- 
able internal combustion engines are gasoline engines, and the 
same is true of a large percentage of stationary internal combus- 
tion engines for small powers. We may thus divide all gasoline 
engines into three classes — stationary engines, marine engines, 
and automobile engines. The number of firms engaged in the 
manufacture of these engines is very large. Usually the various 
makes differ only in minor detail, and for that reason only one 
or two type examples under each class will be considered. 

Stationary Gasoline Engines. — The general type of this 
machine either vertical or horizontal does not differ much from 
that of the small-powered stationary gas engine, several makes of 
which have already been discussed. It is usually possible to con- 
vert any gas engine of this type into a gasoline engine by the simple 
addition of a carbureting device. A number of the latter have 
been described in Chapter VIII. 

The Foos Gasoline Engine. — This machine is made by the 
Foos Gas Engine Company of Springfield, Ohio. The cylinder, 
Fig. 12-96, is partly supported by the frame, making an especially 
rigid construction. The cylinder head is a plain flat cover. Both 
valves, which are of the poppet type, work upward and are me- 
chanically operated; they are not affected by any governor action. 
Thus if the governor keeps the fuel valve closed, pure -air is 
worked through the engine, cooling the cylinder and clearing it 
thoroughly from burned gases. The valves are operated by bell 
cranks and rods as shown. ‘These rods are in turn actuated by 
cams on the shaft of the secondary gear, A, Fig. 12-96. The 
valves have their seat castings separate from the cylinder, but in 
order to remove the valves for inspection or regrinding it is nec- 
essary only to remove the plugs in the top of the valve cages. In 
Fig. 12-96, Bis the rod operating the fuel valve, C the fuel pump, 
and D the igniter rod. The fuel may be gasoline, naphtha, or 
distillate. 

Foos engines are governed on the hit-and-miss principle. In 
Fig. 12-97, E is the igniter rod, C the fuel valve lever which is 
oscillated by a cam on the shaft of the secondary gear G. This 
gear, through a pinion, also drives the governor D. The latter is 
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Foos Engine. 


Fic. 12-97. — Governing Detail 
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of the fly-ball type, and, when the speed becomes excessive, pulls 
the block B, on the lower end of the governor lever A, out of line 
with the blade F. Thus F misses the fuel valve rod and the en- 
gine fails to receive a charge. 
The speed of the engine may be 
adjusted during operation by 
varying the position of the ful- 
crum A by turning the nut H. 

In place of the ordinary ham- 
mer break system, a wipe spark 
igniter is employed. In Fig. 
12-98, the revolving electrode A, 
every second turn of the engine, 
wipes over and snaps off the in- 
sulated electrode B. Thus the 
points of contact are always 
kept clean and bright.’ The igniter is placed directly over the 
inlet valve E to insure a good combustible mixture. 

The Olds Gasoline Engine. — Fig. 12-99 shows the carbureter 





Fia. 12-98. — Wipe Spark Igniter, 
Foos Engine. 





Fra. 12-99. — Olds Gasoline Engine. 


side and Fig. 12-100 the valve construction of the Olds Type A 
gasoline engine. This is an engine of very simple design. Both 
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valves are of the poppet type, the upper, the inlet valve, being 
automatic while the exhaust valve is operated by bell crank and 

push rod. The latter is actuated byacam. Fig. 12-99 shows the 
carbureter and its adjusting valve. Until recently the gasoline 
was fed to the carbureter from a small reservoir kept filled to a 
certain level by a small plunger pump driven from the shaft. In 
some of the recent designs this pump has been eliminated, the 
carbureter getting fuel by simple suction feed. 





Fic. 12-100. — Olds Gasoline Engine. 


The governor, which is of the fly-wheel type, is shown in Fig. 
12-100. It operates to keep the exhaust valve open when the 
speed exceeds the normal, at the same time locking the inlet 
valve, so that no charge can enter the cylinder. The governor 
may be adjusted to give speeds varying from 200 to 600, and a 
change of about 50 turns per minute may be made while the en- 
gine is in operation. 

The jump spark ignition system is used, which is unusual in 
small stationary engines. The governor serves also to throw 
the commutator of the system out of action should the engine 
fail to take a charge on a miss-stroke. 

Type A Olds gasoline engines are built in six sizes from 3 to 18 
horse-power. 

Marine Gasoline Engines. — These engines are of either the 
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two- or four-cycle type, but in nearly all cases vertical. The 
maximum power developed in one cylinder, in the ordinary launch 
motor, is usually about 5 horse-power, higher power than this 
being obtained by the multiplication of cylinders. 

Perhaps the majority of engines of this type, especially those 
of fairly high speed, 600 to 800, are equipped with the jump spark 
system; many builders, however, favor the hammer break ignition. 





Fre. 12-101. — Strelinger Four-cycle Marine Engine. 


Small gasoline boat engines are very rarely fitted with gover- 
nor control. The speed is changed in most cases with the throttle 
or the spark, or both, as in automobile engines. A favorite way 
of checking the speed of small boats is by the use of a reversible 
propeller, in which case the speed of the engine need not be 
changed in any way. 

The following two types of engines illustrate the general 
features of the four- and two-cycle marine engines. 

The Strelinger Four-cycle Marine Gasoline Engine. — A 10 
horse-power engine made by the C. A. Strelinger Company is 
illustrated in Fig. 12-101 and Fig. 12-102. In this design the 
heads are cast in one part with the cylinders. The latter are 
rigidly bolted to the crank case casting. The cam shaft and its 
drive. are enclosed in the crank case. The cams on this shaft 
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operate the exhaust valve and the trip gear of the make-and- 
break igniter. By pushing in the lever, marked 255 in Fig. 12-101, 
at starting, the compression is partly relieved and the spark re- 
tarded on all of the cylinders, making starting easier. After start- 
ing the lever is returned to its former position. There seems to 
be no other spark control. 





Fic. 12-102.—Strelinger Engine. 


The inlet valve is automatic. Above each inlet valve there 
is a throttle valve whose position is controlled by the lever /. 
The combustible mixture is formed by drawing the air from 
around the exhaust pipe, for the purpose of warming it, and 
through the pipe X, Fig. 12-101, through the mixing valve B, Fig. 
12-102. Here it picks up a certain quantity of gasoline, which is 
furnished through pipe A and the needle valve C, and then passes 
through pipe Y to the cylinders. Mixing valve B is automatic, 
adjusting the amount of gasoline to the amount of air passing. 
The latter of course depends upon the position of the throttle 
valve and the load on the engine. The mixture is claimed to be 
uniform through the range of speeds. 
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The Lozier Two-cycle Marine Engine. — Like nearly all small 
two-cycle engines, this machine precompresses the charge in the 
crank case. In Fig. 12-103 * an explosion has just taken place 
above the piston. The new charge of gasoline vapor and air has 
just been drawn into the crank case B through the opening A 
from the carbureter. The explosion forces the piston down and 
compresses the charge in B to a pressure in the neighborhood of 
5 pounds. Near the end of the down stroke the upper edge of 
the piston uncovers the exhaust port F, Fig. 12-104, and the 
larger part of the burned gases escape. A moment later the inlet 
port C, Fig. 12-105, is also opened, and the new charge enters, 
being deflected upward by the baffle G and driving out the rest of 
the burned gases. On the next succeeding up stroke the piston 
closes first the inlet port, next the exhaust port, and compression 
commences. Ignition takes place when the igniter gear moves 
one of the electrodes and breaks the contact at H, Fig. 12-103. 
The igniter gear is shown in detail in Fig. 12-106. Normally the 
outside blade # which pivots about F is held down by the plun- 
ger D, so that the lower electrode inside of the cylinder is not in 
contact with the upper. The rod B is moved up and down by an 
eccentric on the engine shaft. On the upward motion the plunger 
D is forced upward, allowing plunger M to raise E so that just be- 
fore the spark is desired the electrodes inside are in contact and 
the circuit is made. In the meantime the point of the adjustable 
screw J commences to force the trigger C to one side until, at the 
moment. the spark is desired, the plunger D snaps off suddenly, 
breaking contact inside by forcing down the blade E. 

The carbureting device, Fig. 12-107, is simple and effective. 
The air is pre-heated by passing it around the exhaust pipe. 
Gasoline enters at ’, and mixes with the air when the inrush due 
to the suction in the crank case lifts the automatic valve B, flow- 
ing out from opening A in the seat of the valve. The dial D indi- 
cates the position of the gasoline valve. 

The speed of the engine is controlled by the position of a butter- 
fly throttle valve in the transfer passage, as indicated in Fig. 
12-103. 

The particular construction of the two-cycle machine above 
described is known as the two-port two-cycle. In this type the 


* Sibley College Thesis of Bayne and Speiden. 
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port admitting the charge to the crank case is at no time covered 
by the piston. Hence the carbureting device is subject to the 
pressures generated by possible explosions in the crank case, 
and if this is of such type as to be hurt by such explosion, it must 
be suitably protected by check valve. This difficulty is overcome 
by the use of the three-port two-cycle engine. This is the type 
of engine in which the piston also controls the inlet port into the 
crank case, as is clearly shown in Fig. 12-108, which illustrates 





Fig. 12-106. — Igniter Gear Lozier Two-eycle Marine 
Engine. 


the construction and operation of the Fairbanks vertical Marine 
Engine. 

The application of the internal combustion engine to the 
propulsion of vessels other than pleasure launches is becoming 
of more and more importance. At the present day several 
rather small sized cargo boats and barges are already fitted with 
suction gas apparatus and engines. The question has perhaps 
received the greatest amount of attention in England, where 
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Crossley Brothers, Thornycroft, and Vickers Sons & Maxim 
have built suction gas apparatus for marine propulsion.* In this 


country the Standard Motor Construction 
Company of Jersey City have lately turned 
out a marine gas engine which deserves spe- 
cial attention. 

The Standard Marine Gasoline Engine. 
— The following description of this engine 
appeared in International Marine Engineer- 
ing, September, 1907. The data given refers 
to the 300 horse-power engine of the motor 
yacht Standard, but a 500 horse-power en- 
gine of the same type for the schooner North- 
land has already been built. 

Figure 12-109 shows a cross-section of 
the Standard’s engine, and Fig. 12-110 a view 





Fig. 12-107. — Carbu- 
reter Lozier Two-cy- 
cle Marine Engine. 


of the inlet side. The following is the description given: 
“These engines have in reality twelve working: cylinders, 
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figured from the point of view of the usual construction of gas 
engines. The result is an extremely smooth and quiet running 


* See an interesting article by A. V. Coster on “ Gas Power on Shipboard,’ 


in Cassier’s Magazine, November, 1907. 
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Fic. 12-109. — Cross-section of 300 H.P. Standard 


Marine Gasoline Engine. 
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gine. 
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Standard Marine Gasoline En 


Fig. 12-110. — Inlet Side of 300 H.P. 
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machine, well balanced, and with the valves so. arranged that 
practically the only vibration noticeable is occasioned by the 
force feed oil pumps, which give individual feed to every cylinder 
and bearing. Ignition is of the make-and-break type, while 
pistons and piston rods are water-cooled, and water flows freely 
also through the valves. A very noticeable advantage of the 
double-acting engine is the practical impossiblity of any leakage 
of gas into the engine room, because the piston, instead of being 
open to the atmosphere, as in most types of single-acting engine, is 
operated from a piston rod running through a metallic stuffing- 
box. The operation of the valve shaft is obtained, as in a large 
steam engine, by using a small air cylinder; this is also used for 
turning the engine over. 

“The bore and stroke of the Standard’s engine are each 10 
inches; the weight is 7500 pounds, or 25 pounds per horse-power; 
the length over cylinders is 8 feet 3 inches; length over all, 10 feet 
4 inches; the total height is 5 feet 64 inches, of which 4 feet 94 
inches come above the center of the shaft; the width of the base 
is 30 inches; while the greatest width over cylinders is 34 inches. 

‘The illustrations of the new motor, as shown, serve to confirm 
the impression of a torpedo boat engine, as the same type of 
supports, connecting rods, cross-heads, and guides are here used 
that one is accustomed to in the other kind of engine. The 
double-acting principle necessitates some radical changes from 
the usual marine gasoline motor design, such as water-cooling the 
pistons, connecting rods, valves and other parts exposed to 
the intense heat produced in cylinders of such large volume. 
Inlet and exhaust valves are located on the opposite sides of the 
head, as is customary with many automobile and marine engine 
builders. The upper and lower ends of the cylinders are alike, 
with a regular marine engine piston and connecting rod. 

“The method of getting the gas into the cylinders is very 
neatly and simply worked out, as is shown in the inlet side. One 
branch pipe leads up to the cylinders from the center, and then 
runs to each end of three cylinders. The spark and throttle 
control levers are mounted on top of the air cylinder, which con- 
trols the travel of the cam shaft. One essential point of difference 
between the ordinary motor and this motor is that the valves — 
are pulled up instead of being pushed up, and that they are 
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balanced and water-cooled by a stream of water which flows 
through them constantly. This type of valve has been adopted 
by the Standard Company for all their large type of motors, and 
has been found to work exceedingly well. On this side, also, are 
located the trips which operate the sparkers for all cylinders. 

“The exhaust valves are operated from a cam shaft which is 
a duplicate of that upon the inlet side. These valves are also 
water-cooled and discharge directly into a large water-cooled 
exhaust box, from which the gases are led to the muffler. The 
oil feeds are directly under the exhaust box, with individual leads 
to distribute the oil to the different bearings. Directly below 
and behind this are shown the air inlets to the cylinders for start- 
ing. Ina large motor of this kind the problem of properly cooling 
it and keeping it well oiled is a difficult one, and the working out 
of the systems by which these results are accomplished is more 
complicated than it would be for a small motor, but the owner 
of a motor of this size could hardly expect to operate his own 
engine, and in reality the successful working of the motor does not 
demand a higher order of skill than is to be expected from the 
engineer of an ordinary triple-expansion steam engine. While 
the appearance of the motor is complicated, this complication is 
more apparent than real. Every function of the motor has been 
carefully thought out and provision made to assure its proper 
working under ‘all conditions. All Standard motors of large 
power have been made self-starting and reversing, the same prin- 
ciples which have been found so successful being employed in 
this latest type: but in the double- -acting type both the inlet and 
exhaust valves are mechanically operated, as against the exhaust 
valves only in the other self-starting and reversing motors. 
Another important difference is that in this type all the cylinders 
are cast separately, and the motor is really two three-cylinder 
motors coupled together for purposes of economy in construction 
and replacement, should such be necessary. 

“The self-starting is accomplished by compressed air being 
admitted on one end of three cylinders, which turn the motor by 
a special set of cams until it takes up its cycle upon gasoline. 
The cam shafts which actuate all valves are so made as to move 
longitudinally on their axes, and to bring appropriate cams into 
action for either direction. As the physical labor required to 
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perform this operation would be considerable in a motor of this 
size, an air cylinder is added to perform this work, so that the only 
manual labor in connection with running the motor is that in 
operating the two handles shown in the left-hand end of the inlet 
side illustration. One lever controls the position of the cams, 
whether for ahead or astern, while the other controls the spark 
and throttle. _ In this motor the necessity of a fly-wheel is entirely 
done away with, and operating at any speed, from maximum 
to minimum, little or no vibration is felt. The motor is mounted 
upon a base of angle iron with castings for each individual bear- 
ing, and has the usual marine collar thrust bearing.” 





be | 
Fig. 12-111. — Engine of 1907 Franklin Car. 


The Sasomptrte Gasoline Engine. — It would be beyond the 
scope of this book to enter into any extensive notice of automobile 
engines. For that reason only a few illustrations are given to 
show the various methods of placing the valves and operating 
them, the methods of cooling the cylinder, cylinder and frame 
construction, etc. In general the four-cycle engine monopolizes 
the automobile field, there being but one or two makers who use 
two-cycle engines. For light cars the horizontal opposed two- 
cylinder type of engine is often employed, but the heavier cars 
universally use four- or six-cylinder vertical engines. Regarding 
the position of the valves, some makers place both inlet and 
exhaust valves in the head. This type is best exemplified by the 
Franklin Engine of 1907, Fig. 12-111. This construction is of 
advantage because it does away with all pockets in the combus- 
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tion chamber. In this engine both valves are mechanically 
operated. Some makers use the automatic type of inlet valve, 








Fre. 12-112. — Continental Automobile Engine. 





which in such cases nearly always opens downward... This valve, 
while it permits of simpler engine construction than the mechani- 


cally operated valve, does 
not give as good service, 
and for that reason is not 
as frequently used as for- 
merly. In the Continental 
Engine,* Fig. 12-112, both 
valves are placed at one 
side of the cylinder and 
both are mechanically op- 
erated, opening upward. 
In the 18 horse-power 
Horch engine, Fig. 12-113 + 
the inlet valve is placed in 
the head, the exhaust valve 
at the side. The 35 horse- 
power engine of the same 
maker, Fig. 12-114 { has 





rn 
Fig. 12-113. — 18 H.P. Horch Automobile 


Engine. 


* The Cycle and Automobile Trade Journal, Oct. 1, 1907. 
+ Gasmotorentechnik, April, 1906. { Gasmotorentechnik, April, 1906. 
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both valves placed at one side, but the inlet valve over the ex- 






ae 


Fig. 12-114. — 35 H.P. Horch Automobile 


Engine. 


haust valve. Both are 
mechanically operated. 
The Moore engine, Fig. 
12-115,*.shows the valves 
upon opposite sides, both 
mechanically operated. 
The 1908 model of the 
Franklin engine finally 
shows a type of valve 
gear different from any of 
those so far described in 
that the main exhaust 
and the inlet valves are 
combined in one concen- 
tric valve placed in the 
head. This, as may be 
seen from Fig. 12-116, 
results in an ideal form 


of combustion chamber. The outside, larger, valve is the inlet 


valve. The large inlet area 
improves the volumetric effi- 
ciency. This, however, is in 
large part also made possible 
by the fact that the greater 
part of the hot burned gases 
escapes through the auxiliary 
exhaust valve which opens 
when the piston is near the 
lower dead center. The re- 
mainder of the gases passing 
out through the inner valve 
at the top during the up 
stroke of the piston does not 
tend to heat the valve very 
much. 

Of the automobile engines 





Fig. 12-115. — Moore Automobile 
Engine. 


* Cycle and Automobile Trade Journal, April, 1906. 


MODERN TYPES OF COM. BUSTION ENGINES 375 


illustrated, the Franklin engine shows the construction employed 
for air-cooled cylinders; all of the other engines are water-cooled. 

4, Or Enernes. — The term ‘oil engines” usually refers to 
engines using kerosene, crude oil, or any one of the so-called dis- 
tillates. All of these fuels are more difficult to vaporize than 
gasoline and the formation of the proper fuel mixture is therefore 
generally a less simple process. Some of the types use a special 
vaporizer, in others the fuel is sprayed directly into the combus- 
tion chamber or into an extension of it. 





Fig. 12-116. — 1908 Model, Franklin Engine. 


Liquid fuel engines in general labor under the disadvantage 
as compared with gas engines in that the limit of power in a single 
cylinder is reached much earlier. The reason for this is that as 
the cylinder volume grows, the difficulties of forming and main- 
tdining a uniform fuel mixture increase very rapidly, and the 
difficulties of proper ignition increase correspondingly. The 
result is, at least as far as present practice is concerned, that 
while the economic limit in one single-acting cylinder using gas 
is in the neighborhood of perhaps 400 horse-power, the limit in 
single-cylinder acting oil engines is not over 200 horse-power. 
Hence the subdivision of the power required among several 
cylinders commences much sooner in oil than in gas engines. 

The most important point of distinction among the various 
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oil engines is probably the way in which the combustible mixture 
is formed. We distinguish the following methods: 

(a) The fuel is forced directly into the combustion chamber 
at the end of or during the compression stroke. Usually a spray- 
ing nozzle is employed. 

(b) The fuel is mechanically atomized and sprayed into the 
current of air on the suction stroke. 

(c) The fuel is sprayed into a vaporizing chamber connected 
to the cylinder without interposition of a valve. 

(d) The fuel is vaporized by the agency of heat in a separate 
vaporizer. The air passing through the vaporizer forms the fuel 
mixture and this enters the engine already prepared. 

The following descriptions of various oil engines will illustrate 
the various methods outlined: 

Among the most important oil engines found on the American 
market are the following: The Hornsby-Akroyd kerosene engine, 
2 machine of English origin made by the De La Vergne Machine 
Company, of New York; the De La Vergne two-cycle oil engine, 
brought out by the same company within the last month or two; 
the Mietz & Weiss oil engine made by the A. Mietz Iron Foundry 
& Machine Works of New York; and the American Diesel engine 
manufactured by the American Diesel Engine Company. It 
should be stated that many of the engines described under the 
head of small and medium sized gas engines can be run on oil by 
using suitable evaporizers. Thus the Fairbanks-Morse Company 
and several other makers furnish vaporizing attachments by 
means of which their engines may be successfully run on kero- 
sene, crude oil, or distillate. 

The Hornsby-Akroyd Oil Engine. — Figs. 12-117 and 12-118 
show a longitudinal and a transverse section respectively of this 
important oil engine, while Fig. 12-119 shows the general appear- 
ance of a single-cylinder engine.* The Hornsby engines built in 
this country are all horizontal machines of the four-cycle type. 
The exhaust and inlet valves are of the poppet type and located 
in a valve box at the side of the cylinder, Fig. 12-118. They 
open upward and are operated by levers passing under the cylin- 
der by means of cams on the half-time shaft. The exhaust cam 
is so designed that on starting the compression can be relieved 


* Catalogue of the De La Vergne Machine Co. 
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by shifting the cam on the shaft. The supply of oil is taken from 
a tank in the base of a machine by a pump operated from the 
lay shaft, and forced into the vaporizer chamber A, through a 
spray nozzle. The governor is of the fly-ball type and controls 
the speed by dividing the constant quantity of oil furnished by 
the pump into two parts, one of which, in proportion to the load, 
enters the nozzle, the other part flows back to the tank. The 
nozzle and overflow valve are shown in greater detail in Chapter 
VIII: 
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Fia. 12-118. — Transverse Section Hornsby- 
' Akroyd Oil Engine. 


The vaporizer chamber is furnished with internal webs to 
increase the vaporizing surface, and is protected against radiation 
on the outside by a hood. 

To start the engine the vaporizer is first heated by a lamp 
which constitutes a part of the equipment. After the chamber 
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is hot enough, a few quick strokes of the pump by means of the 
hand lever, Fig. 12-118, while the engine is being turned over in 
the normal direction, usually suffices to start it. After starting, the 
heat of combustion is enotgh to keep the vaporizer at a dull red 
heat and to explode the charges regularly, so that no special 
igniter is required. 





Fig. 12-119. — Single Cylinder Hornsby-Akroyd Oil Engine. 


The method of operation may be explained as follows: On the 
suction stroke of the piston the pump injects oil into the vaporizer. 
This is almost instantly vaporized, but as yet the mixture is not 
explosive because the vapor is mixed with burned gases mainly 
which remain from the previous explosion. On the return stroke, 
the piston compresses the air and forces a part of it into the 
vaporizer. It is possible that some time during the compression 
stroke the vapor may commence to burn in the vaporizer, but the 
flame does not strike out because the velocity of air flowing in 
through the narrow neck of the vaporizer is greater than the 
velocity of flame propagation. Near the end of the compression 
stroke the reverse takes place, the flame strikes out with explo- 
sive force and drives the piston forward on the expansion stroke. 
This is followed by the exhaust stroke, after which the operation 
is repeated. 
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These engines have given very satisfactory service and many 
of them are in use for a variety of purposes. They are made in 
sizes from 24 to 125 horse-power, those above 32 horse-power 
being of the two-cylinder type illustrated in Fig. 12-120. This 
design has lately been modified in that the two overhanging fly- 
wheels have been replaced by a single wheel placed next to the belt 
pulley between the two cylinders. 





Fig. 12-120. — Twin Cylinder Hornsby-Akroyd Oil Engine. 


The De La Vergne Two-cycle Oil Engine. — This is a vertical 
machine recently brought out by the De La Vergne Machine 
Company and described in Power, November, 1907, to which the 
following illustrations are due: 

Figure 12-121 shows that the cylinder is of the ordinary two- 
cycle construction, the piston controlling the inlet and exhaust 
ports. The vaporizer chamber V is formed by an extension of 
the cylinder, but, in contradistinction to the Hornsby engine, no 
contracted neck is used opening into the vaporizer. On the down 
stroke of the piston the air compressed in the crank case rushes 
into the cylinder as soon as the inlet port is uncovered. On the 
up stroke only air is compressed, the oil not being injected by the 
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pump through the nozzle N until near the upper dead center. 
The oil instantly vaporizes and burns, ignition being produced 
by the hot vaporizer walls. Of course the vaporizer must be 





Fic. 12-121. — De a Vergne Two-cycle Oil Engine. 
v 


externally heated to start the engine. The method of operation 
outlined has the advantage that since only air is compressed no 


pre-ignition can take place. 
The details of the spray nozzle N are shown in Fig. 12-122. 
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Fic. 12-122. — Spray Nozzle De La Vergne Two-cycle Oil 
Engine. 




















They are so simple as to hardly require explanation. The ball 
check shown serves to protect the oil pipe against the force of 
the explosions. 
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The engine is governed by suiting the quantity of oil to the 
load. This is done by putting the pump plunger under control 
of the governor in the fly-wheel. Power gives the following 
description of this device (see Fig. 12-123): 


A 











Fig. 12-123. — Governor of De La Vergne Two-cycle Oil Engine. 
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“The frame F is fastened with two studs concentrically to the 
inside of the fly-wheel, and to the frame is pivoted a cam ring & 
which has on the fly-wheel side a projection B, and back of that 
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the cam projection C, which lifts the roller A once each revolution 

of the fly-wheel, thereby actuating the oil-pump plunger P. 
The length of stroke imparted to the plunger is determined by 
the lever L, pivoted to the frame. A wedge W on the lever L 
separates the cam ring from the frame F. When the engine is 
started the governor does not come into action until normal speed 
is approached. A decrease in load will cause the speed to increase, 
when the centrifugal force of the counterweight K will overcome 
the tension of the spring S, moving the weight outward and 
thereby withdrawing the wedge W. The spring HL keeps the 
roller A in contact with the cam ring R, and when the wedge is 
withdrawn the buffer G cannot actuate the pump plunger. The 
knob H is used for injecting oil at the start, and the lock nuts N 
serve for limiting the stroke of the pump. The two concentric 
slots in the frame F allow for adjustment when it is desired to 
greatly change the normal speed of the engine. For smaller speed 
variations the spring S and the weight K can be shifted in the 
holes of the lever L.” 

At present two sizes of this engine are made. That illustrated 
is of 15 horse-power, the single cylinder type gives 74 horse-power. 
In each case the cylinders are 7 inches by 7.5 inches, the normal 
speed being 450 r.p.m. 

The Mietz & Weiss Oil Engine. — This is a very successful 
engine which has been on the market for some years. While it 
operates on the ordinary three-port two-cycle principle, it em- 
bodies some unusual features. Fig. 12-124 shows the horizontal 
type in cross-section, and Fig. 12-125 its general appearance in 
elevation. From Fig. 12-124 the operation of the engine must 
be clear without much further explanation. 

The fuel pump P takes the oil from a tank mounted on the 
crank case and injects it into the cylinder just after the piston 
has covered the exhaust port HZ. The oil falls on the projection 
V and is instantly vaporized by heat from the hot bulb I, and 
from the cylinder head, which, as will be noted, is not water- 
jacketed. Ignition is produced by means of the bulb I, which 
acts very much like the ordinary hot tube. A: kerosene or oil 
lamp, shown in position, serves to heat the bulb before starting. 
Five minutes is usually sufficient for this operation. 

The unusual feature of this engine consists in the cooling 
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water arrangements. Instead of circulating the water, as is 
ordinarily done, it is allowed to evaporate in the jacket, being 
kept at a constant level by a float valve. The vapor formed col- 
lects in the dome S, Fig. 12-124, and is by means of the bent pipe 
shown led to the intake port of the cylinder where it mixes with 
the air. There are several excellent reasons for this arrangement 
in oil engines. The water vapor helps to form a mixture of high 
specific heat, thus reducing the danger of pre-ignition and allow- 
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Fig. 12-124. — Details of Mietz & Weiss Two-cycle Oil Engine. 


ing of higher compression pressures. The principle, however, is 
not new, since Banki and perhaps several others before him have 
used it. It is also claimed that the vapor assists in the preven- 
tion of carbon deposits. The method further has the general 
advantage that but little jacket water is used compared with the 
ordinary method of operation. 

The method of governing this engine is not clearly shown, 
but it consists in adjusting the stroke of the fuel pump to suit 
the load by means of a shifting eccentric on the main shaft. 

The stationary Mietz & Weiss engine is built in single-cylinder 
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units from 1 to 30 horse-power, while the 40 and 60 horse-power 
sizes are twin engines. 


Fie. 12-125. — Mietz & Weiss, Two-cycle Oil Engine. 





This firm also builds vertical marine engines, the operation 
of which is the same as that of the horizontal machine except that 
the water injection scheme is not used. 

The Diesel Engine. — The Diesel engine is to-day built by a 
number of firms in Europe and by the American Diesel Engine 
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Company in this country. In all cases the various constructions 
are of the vertical four-cycle type, but European builders favor 
the open A-frame, while the American makers have adopted the 
enclosed box frame. 

Figure 12-126 gives a general idea of the appearance of the 
American Diesel engine, while Fig. 12-127 shows the construction. 





Fiq. 12-126. — American Diesel Engine. 


The massive self-contained build of this machine, necessitated of 
course by the high pressures occurring in its cycle of operation, 
is very noticeable. The method of operation of this machine has 
already been explained in Chapter XI, to which the reader is 
referred. 

The valve construction of this engine is very simple, as shown 
in Fig. 12-128. The exhaust valve opens upward, the inlet valve 
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downward; both are located in a small chamber at the side of the 
cylinder. The fuel injection valve J is opened by the bell-crank 
B, which is operated by a cam on the lay shaft, and closed by 
a helical spring S. Surrounding the spindle of the injection valve 














Fic. 12-127. — Cross-section American Diesel Engine. 


are placed the atomizing arrangements by which the oil is very 
finely divided through the agency of highly compressed air, as 
soon as B opens the valve. The stroke of the lever B is uniform, 
hence the injection valve always opens to the same amount and 
for the same length of time, whatever the load on the engine. 
To govern the speed, the governor controls the stroke of the 
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pump which furnishes the oil to the valve. The lower the load on 
the engine, the later in the stroke of the oil pump does the deliv- 
ery of oil to the injection valve commence. One method of doing 
this is explained in Chapter XIV, under Details of Governors. 


CYLINDER 





Fa, 12-128. — Valve Construction, American Diesel 
Engine. 


The American Diesel engine is’built in sizes from 75 to 450 
B. H. P., mostly in three-cylinder units. 

The Priestman Oil Engine. — This English machine, Fig. 
12-129,* is mentioned here because the means used for forming 
the combustible mixture are different from those so far described. 
The engine is of the horizontal single-acting type. The exhaust 
valve is mechanically operated by an eccentric on the shaft. -The 
same eccentric rod also operates a small air pump e which keeps 
up an air pressure of from 30 to 40 pounds on top of the oil in the 


* Gildner, p. 118. 
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supply tank b. The inlet valve ¢ is automatic. On the suction 
stroke the piston draws a charge of finely divided oil, mixed with 
air furnished by the spray maker, into the vaporizer a, together 
with a large quantity of auxiliary air to form the proper combus- 
tible mixture. The vaporizer, heated at the start by external 
means, is during operation kept by the exhaust gases at sufficient 
heat to completely vaporize the oil before it passes out on its way 
to the inlet valve. Thus the mixture reaches the cylinder com- 
pletely prepared. The spray maker and vaporizer are explained 
in greater detail in Chapter VIII. 
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Fic. 12-129/— Priestman Oil Engine. 


The cylinder operates on the ordinary four-cycle principle; 
ignition is by electric spark. In the later Priestman engines a 
small amount of water from the jacket is admitted to the cylinder 
each cycle, after the principle of Banki. 

The Fairbanks-Morse Crude Oil Vaporizer. —In-the fourth 
type of vaporizer the oil is not preliminarily sprayed or atomized, 
as is done in the Priestman vaporizer, but simply vaporized by 
the heat of the exhaust gases. The piston then generally draws 
a part of the necessary air through the vaporizer and saturates 
this with the oil vapor. The rest is added to form the proper 
mixture just before the inlet valve. Of this type is the ‘ Econo- 
mist’? retort, already described in Chapter VIII. Another type 
is that made by the Fairbanks-Morse Company, and illustrated 
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in Fig. 12-130. Gis the main vaporizer chamber. The oil pump 
furnishes oil through the pipe / to the reservoir R on top of the 
chamber. The regulating valve 7 returns the excess pumped 
to the main supply through the pipe O. From R the oil is allowed 
to trickle slowly downward over surfaces heated by the exhaust 
gases. These come in through the pipe N, but the volume enter- 
ing G is controlled by the position of the valve LE, which sends a 
part into G, the rest directly out through X, depending upon the 
demands of the vaporizer. Air enters the chamber through C. 





Fie. 12-130. — Fairbanks-Morse Engine 
with Crude Oil Vaporizer. 


On its way upward it saturates itself with oil vapor and finally 
flows out through B to the engine. The auxiliary air supply is 
furnished through A. 

Any vaporizer of this type labors under the disadvantage, 
already mentioned in the case of the “Economist” retort, that 
not all of the oil can be utilized. As the vaporization proceeds, 
the oil gets heavier, the amount of vapor evolved grows less at 
the temperature maintained, and the useless residue must finally 
be drawn off. In the apparatus above described provision for 
this has been made through the drain cock D. W is a heating 
lamp to heat the vaporizer on starting. 

5. Tur Atconou Enainu. — The points of difference between 
the alcohol engine and any other gas engine have already been 
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mentioned in Chapter VIII. In constructive details these engines 
do not differ from the rest except that the compression is carried 
higher than in other liquid-fuel engines. The main feature dis- 
tinguishing them is in the arrangements for forming the com- 
bustible mixture, and the various expedients adopted have been 
thoroughly discussed under the head of vaporizers in the chapter 
mentioned. Recent experiments have disproven the old state- 
ment that an alcohol engine cannot be started from the cold. 
Much depends upon the position of the carbureter with reference 
to the inlet valve ports, and after paying due attention to this 
point, a gasoline automobile engine has been successfully operated 
on alcohol without change. This bears out the experience of the 
Deutz Company in whose alcohol engines only a spray nozzle 
placed very close to the inlet valve is used. An ordinary gasoline 
carbureter can be made to act in somewhat the same way. Ameri- 
can practice regarding alcohol engines is for obvious reasons 
somewhat behind that of Europe, but the indications are at present 
that this condition will not long exist. 


CHAPTER XIII 


GAS ENGINE AUXILIARIES: IGNITION, MUFFLERS, AND STARTING 
APPARATUS 


Ignition. — There are four methods of igniting the com- 
bustible charge in a gas engine. Some of these are still in use, 
. others belong to the period of gas-engine 
development. These methods are the 
following: 

1. Ignition by an open flame. 

2. Ignition by hot tube. 

3. Ignition by heat of compression, and 

4. Ignition by electric spark. 

Ignition by open flame is practically 
obsolete, and ignition by hot tube is also 
fast falling into disuse. As a matter of 
fact, except for the Diesel engine, the 
Hornsby-Akroyd and a few others, which 

oe ignite the charge or fuel by heat of com- 

‘Pert pression, the method of igniting the 
) charge by the electric spark is to-day 
the means most generally employed. 

1. Ignition by Open Flame. — This 
method has been superseded probably 
because of its oecasional failure and the obvious danger con- 
nected with its use under certain conditiors. 

The simplest arrangement of this type is Barnett’s ignition 
cock, Fig. 13-1.* This consists of a hollow plug which works in 
a sheil having two ports, 1 and 2. The former opens to the 
atmosphere and communicates with an outside flame, A, the 
latter opens into the e¢ylinder. The port 3 in the plug is of such 
a size that it may communicate either with port 1 or 2. but never | 














Fia. 13-1.— Barnett’s 
Ignition Cock. 


* Clerk, The Gas and Oil Engine, p. 207. 
392 


GAS ENGINE AUXILIARIES 393 


with both at the same time. Inside the plug is placed a gas jet 
as shown. Gas should be admitted to this at such a rate that 
the flame burns inside of the plug and not out through the ports 
3 and 1. The proper size’ of the ports has much to do with the 
proper admission of air to the inside of the plug to keep the 
flame alive, as shown by the arrows. If now the plug is quickly 
turned through 90 degrees, making the port 3 register with port 2, 
enough air is contained in the plug to keep the flame burning 
during the interval, and the combustible mixture, entering the 
plug much as the air enters it in the first position, is instantly 
ignited. Here again the proper size of the ports is of importance, 
for if the mixture cannot circulate through the plug, it must reach 
the flame by diffusion. The chances are that in that time the 
flame has died out and 
ignition fails. The flame 
is blown out by the 
force of the explosion, 
or dies out for lack of 
air, but is immediately 
relighted by the out- J 
side flame, A, when the 
plug returns to its for- 
mer position. 
Barnett’s scheme Fie. 13-2.— Koerting Igniter. 

was open to the objec- z 

tion that since the flame chamber in the plug was always under 
atmospheric pressure, the combustible mixture, if compressed to 
any extent, might extinguish the flame by sudden inrush when 
communication was established. Several methods to obviate this 
were invented, notably by Otto and by Clerk. The latter differs 
from the former in that it will operate at higher engine speeds; 
Otto’s scheme failing at comparatively low speeds. A very simple 
solution of the problem is shown in Koerting’s igniter, Fig. 13-2.* 
The plug, b, see left-hand section, is practically a divergent 
nozzle. The pressure of the combustible mixture during com- 
pression raises the plug, and some of the mixture, escaping through 
the fine opening, c, is ignited by the open flame, d. At the in- 
stant the piston reverses, the plug is forced down by the plunger, 


* Schéttler, Die Gasmachine. 
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a, closing both the top and the bottom openings. But the mix- 
ture contained in the nozzle, b, keeps on burning until, at the 
instant the side openings, e, are freed, the flame strikes into the 
cylinder and ignites the charge. The right-hand section, Fig. 
13-2, shows the ignition position. 

2. Ignition by Hot Tube. — The simplest form of the hot 
tube ignition apparatus has already been shown in Fig. 11-5 
Chapter XI. It consists merely of a small tube 3 or 4 inches long, 
of steel, porcelain, or platinum. The open end of this tube is in 
communication with the combustion chamber, the other end is 
ot for a certain part of its length, 
generally by means of a Bunsen 
‘ burner. A chimney surrounds 
both burner and tube to prevent 
loss of heat by radiation as far 
as. possible.. 

The action of the hot tube 
may be explained as follows: At 
the end of the exhaust stroke 
the tube is filled with burned 
gases, and these are not replaced 
by the fresh mixture even at 
the end of the next suction 
stroke, because the time avail- 
able is too short for diffusion. 
During the compression stroke 
the burned gases are being compressed into the closed end of the 
tube and are followed up by the fresh mixture. But no explosion 
follows even if this mixture reaches the red-hot part of the tube 
as long as the velocity of flame propagation out of the tube is less 
than the velocity of the fresh charge into the tube. When the 
former becomes greater than the latter, which happens at or just 
before the piston reaches the dead center, the flame shoots out and 
ignites the charge. It is plain, however, that in the device shown in 
Fig. 11-65 the position of the hot zone along the tube must be about 
right or pre-ignition may result. Want of adjustment in this 
arrangement has led to the improved hot tube shown in Fig. 13-3. 
In this case the position of the hot zone along the tube may be 
varied as shown, thus giving some control over the time of ignition. 





Fia, 13-3.—Adjustable Hot Tube. 
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In order to completely control the time of ignition the or- 
dinary hot tube has been perfected by the addition of a so-called 
timing valve. f 

In Fig. 13-4, @ is the tube kept hot in the ordinary way. 
Timing valve E is normally kept closed by the coil spring C. At 
the proper time in the cycle the ignition __ . 
cam (not shown), through the link, B, ip 
and the bell-crank, A—D, compresses ; 
the spring, C, and opens the valve. 
Ignition then ensues. The valve is 
kept open during the expansion and 
exhaust strokes. The time of ignition > 
may be changed by changing the posi- ~ 
tion of the cam. Pree ere 

Timing valves are open to the ob- mt 0 
jection that they are very difficult to Ly Pe oes 
keep in shape under the high tempera- , 
tures occurring. To avoid the use of 1 rag Oe en eamath 
the small valve in the cylinder, Koert- pane, Laie: 
ing has used the scheme shown in Fig. 13-5; a is an open 
hot tube made of porcelain. In it there is 
placed the small platinum tube, c. Dur- 
ing compression some of the mixture es- 
capes through ¢ and the valve k. When 
ignition is desired, k shuts the exit and the 
flame in a strikes back into the cylinder. 

Hot tubes may be from two to four 
inches long, and from one-quarter to one- 
half inches internal diameter. They may 
be made of steel, platinum, or Porcelain. 
Porcelain is best because cheap and nearly 
indestructible by heat. 

The hot tube finds application in small 
and medium sized stationary machines 
only. It is fully as cheap to operate as 
electric ignition and just as certain. 

In large machines this method of ignition is not as satisfac- 
tory, because the ignition itself is hardly sharp enough for the 
large volume of gas, and because in many cases the distance 
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Fic. 13-5.— Koerting Hot 
Tube Igniter. 
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the flame has to strike is too great. Care should be taken to 
place the tube at the proper point, 7.e., where a good mixture at 
the opening of the tube is insured, and where the opening cannot 
be clogged by oil or water. 

3. Igniting the Charge by Heat of Compression. — This 
method of igniting the charge is practically limited to liquid 
fuels and is carried out in several ways. ~ 

(a) Only air is compressed to a very high degree so that its 
temperature is high enough to ignite the fuel as it is injected at 
the beginning of the working stroke. This is Diesel’s method. 

(6) The charge may be ignited by means of a hot bulb or 
chamber connected to the combustion chamber proper by a 
narrow neck or opening. There are two modifications of this 
method. In the one the fuel is injected into the combustion 
chamber on the suction stroke. During the next stroke the 
mixture is compressed into the hot bulb and ignites. The com- 
bustion, however, is confined to the bulb until, near the end of the 
compression stroke, the velocity of flame propagation exceeds 
the velocity of gases entering the narrow neck of the bulb, when 
the flame strikes out and general ignition ensues. The action 
of the bulb is therefore very similar to that of the open hot tube. 
The main difference is that after the bulb has been externally 
heated at the start, the heat of compression soon keeps the walls 
of the bulb at a sufficiently high temperature so that the external 
flame can be extinguished. 

In the second modification, the hot bulb or chamber is used 
at the same time as a vaporizer. Thus in the Hornsby-Akroyd 
engine, the fuel is injected into the chamber by a pump at the 
beginning of the suction stroke. The piston draws nothing but 
air on this stroke, which air is partly forced into the bulb on the 
return stroke. Here it mixes with the oil vapor, which formed, 
due to contact with the hot walls, and while combustion may 
ensue it cannot be general because hardly enough oxygen is 
present in the bulb or vaporizer. Near the end of the com- 
pression stroke, however, the flame strikes out, and the combus- 
tion becomes explosive. As in the former case, the vaporizer is 
heated by a lamp at the start, but after a few minutes of opera-. 
tion the walls of the vaporizer, if well protected, remain at a dull 
red heat, due to the heat of compression. 
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Capitaine * employs a method which differs from that used 
in the Hornsby engine in that, at the moment the fuel is injected 
into the vaporizer, a little auxiliary air is also admitted which 
sweeps the oil vapor formed into the combustion chamber proper, 
where it meets the main body of air and is compressed with it. 
Ignition ensues from the hot walls of the vaporizer as in the 
other cases. 

4. Ignition by Means of the Electric Spark. — Electric Igni- 
tion is to-day used more than any other. In fact in some branches 
of the industry, automobile work for’ instance, it is used exclu- 
sively. The reasons for this are not far to seek. As compared 
with the hot tube, there 
is no flame, and no fuel 
required to feed it. The 
system is perfectly flex- 
ible and sus¢eptible of 
perfect timing. 

There are a number 
of electric-ignition sys- 
tems in use, differing 
in .their methods of 
wiring, their sources of Fic. 13-6.— Make-and-Break Circuit. 
current, etc., but con- 
sidering for the moment nothing but basic principles, all the 
systems may be grouped up@er two heads. These are: 

1. Make-and-Break Ignition, and 

2. Jump-spark Ignition. 

In what follows, only the elementary principles of electric 
ignition will be discussed. Tor a comprehensive exposition of 
the subject, consult “Electric Ignition for Motor Vehicles” by 
W. Hibbert.t 

1. Maxe-anp-Break IanrtiIon.—The simplest kind of make- 
and-break circuit is shown in diagram in Fig. 13-6.{ In this 
figure, B is a source of current and ¢ a so-called spark coil. In 
this case such a coil consists merely of a number of turns of 
comparatively heavy wire wound about a bundle of wrought- 








* Zeitschrift d. V. d. I., 1907, p. 919. 
+ Whittaker & Co., 64-66 Fifth Ave., New York City. 
t Roberts, The Gas Engine Handbook. 
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iron wires. This coil is in series with the circuit, and acts as 
an inductive resistance. When the circuit is broken, it serves 
to intensify the pressure, causing a hot spark at the point of 
break. For this reason the writer prefers to call this kind of 
coil an intensifying coil rather than a spark coil, which, as used 
in jump-spark ignition, is a very different thing. 

The make-and-break mechanism consists in this case of a 
stationary electrode, e, insulated from the rest of the engine, and 
a movable electrode, p. The latter is connected to a flat spring, 
S, which in turn is in contact 
with the cam, C. The current 
flows from B, through the inten- 
sifying coil, c, to the electrode, 
p, and from here through the 
electrode, e, back to B, thus 
completing the circuit. The 
operation is as follows: Cam C, 
rotating in the direction of the 
arrow, first presses electrode p 

Lo against electrode e, making the 

eu +o Mini é circuit. At the proper moment, 

spring S slips off the cam, sud- 

denly forming a gap between p 

and e, across which the spark 
jumps. 

This type of make and break 
mechanism is known as the 
hammer break. An example from practice is shown in Fig. 
13-7.* The source of current in this case is a Bosch magneto, 
The current flows from d to e, the stationary electrode, and re- 
turns through 7, the movable electrode, and the forked rod, h. 
Actuated by a latching arrangement on the half-time shaft, the 
armature lever is pulled to the left about 20 degrees, as shown in 
the lower figure. This puts the two powerful helical springs 
shown in tension, so that when the latch releases, the armature 
sleeve instantaneously returns to its normal position, generating 
the required current by cutting the lines of force with great 
rapidity. At the same instant the fork, h, strikes the bell crank, g, 


* Gildner, Verbrennungsmotoren, p. 365. 
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Fia. 13-7.— Make-and-Break Ignition: 
Apparatus. 
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thus separating f from e, and causing the spark. This method 
is susceptible of adjustment by regulating the time of release of 
the latch. : 

It should be noted that in this particular instance the two 
electrodes are in contact until the spark is desired. This is ad- 
missible because with the source of current used, electric energy 
is generated only for an instant, just before the break. If a con- 
tinuous source of current, such as a battery for instance, is used, 
it becomes necessary to modify the mechanism so that the elec- 
trodes are in contact only for a short time before the break; 
otherwise the system would be very wasteful of current. 

The hammer-break mechanism is open to two objections, 
rapid wearing away of the points and fouling. The former 
is aggravated if too strong a current is used. It is usual, 
therefore, to make the points of contact of some metal that will 
not easily corrode or wear away under heat. Platinum, or plati- 
num-iridium is extensively used for this purpose. There are, how- 
ever, some special alloys on the market, such as Baker & Co.’s 
“Special,’’ which are somewhat less costly, but do the work fully 
as well or better. Platinum is practically indestructible by heat, 
but it is hardly hard enough to stand the wear. The only remedy 
for fouling is periodic cleaning, although the claim is made for 
some of the special alloys that they remain bright indefinitely. 

To overcome the objection of fouling, a modification of the 
make-and-break system knaqwn as the wipe spark is sometimes 
employed. In this, one electrode is made to revolve and a pro- 
jection on it “wipes” across the other electrode at the proper 
time, causing a spark on the break. The spark produced in this 
way is perhaps hotter than that formed by the hammer break, 
and fouling of the sparking surfaces is effectually prevented: On 
the other hand, the wear is much greater. 

Make-and-break ignition has the advantage that only a low 
voltage is required to operate it. The pressure ordinarily used 
is from six to eight volts, while in many cases from two to four 
volts is quite sufficient. There is thus much less danger from 
leakage of current and short-circuiting in this system than there 
is in the Jump spark method. 

The disadvantages of the system regarding wear and fouling 
have been already pointed out. Another, as compared with the 
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jump spark, consists in the fact that some mechanically operated 
gearing is required to “trip” the igniter. Both this fact and the 
rapid wear of the contact points have led designers to adopt the 
jump-spark system for high speed work. Lately, however, there 
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Fic. 13—8.— Plan, Fay & Bowen Engine. 


seems to be a tendency to adapt the make-and-break system also 

to high speeds, caused no doubt by the very obvious disadvantages 
of the jump spark. There are ways of efficiently operating a 
high-speed trip gear. One of these, used by the Fay & Bowen 
Engine Co. for medium 
high speeds, is shown 
in Figs. 13-8 and 13-9. 
Fig. 13-8 shows a plan 
view of the vertical 
engine. The igniter 
shaft, A, passes ver- 
tically downward 
through the water- 
jacket space, and is 
driven from the crank shaft by a pair of bevel gears. It 
runs in bronze bearings, and where it passes through the 
jacket it is encased in a water-tight tube. At the top this 
shaft carries a small gear which meshes with a somewhat larger 
gear, B, under the igniter cam, C. All the gears are cut gears ” 
and run practically without noise. The driving is positive and 





Fig. 13-9.—Igniter Block, Fay & Bowen 
Engine. 
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there can be no slip. As the cam, C, revolves, it engages the 
plunger D and forces it back against the spring G. When the 
plunger slips off the cam, the hammer, EZ, strikes the movable 
electrode, F’, separating it from the stationary electrode, J, caus- 
ing the spark. This action is carried out with the same rapidity 
no matter how fast the fly-wheel is revolved at the start. For 
the greater part of its revolution, cam C ig not in contact with the 
plunger, D, and hence the electrodes are separated, thus main- 
taining an open circuit for the greater part of the time and _pre- 
venting the waste of current. Just as soon as C commences to 
push back the plunger D, the spring AH pulls back the movable 
electrode F’, and contact is made for a sufficient length of time 
to insure a good flow of current. 

The igniter plug, shown in greater detail in Fig. 13-9, is en- 
tirely independent of the driving gear and is held in place by 
four bolts, which can be removed at a moment’s notice. The 
seat of the plug is a ground joint. The spark points can there- 
fore be examined and the plug replaced in a very short time, or 
a new plug may be substituted for the old one. The chances for 
wear in the whole arrangement, however, are very small and 
there seems to be no reason why this igniter gear should not be 
used for speeds much higher than those for which the designers 
now use it. Adjustment of the spark in this gear is made in a 
very simple way by pivoting the gear B about the center of the 
shaft A, thus changing the position of the cam, C, with relation 
to the plunger. The adjustment is controlled by the hand lever 
shown. Should the lever by any accident be left in the advanced 
spark position, so that the engine may get an explosion turning 
it the wrong way the next time it is started, a small clutch located 
under the igniter cam, C, immediately frees the cam so that no 
second back explosion can take place. 

2. Jump Spark IenitT1Ion.—Figure 13-10* shows diagram- 
matically the simplest type of jump-spark system. There are 
in all cases a primary or low-tension and a secondary or high- 
tension circuit. The primary circuit is shown in heavy line and 
contains the source of current, 6. The current flows from B 
through an arrangement, 7’, called the interrupter, commutator, 
or timer, which serves to make and break the primary current at 


* T. H. White, Petrol Motors and Motor Cars. 
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the proper time. It then passes through the primary winding, P, 
of the spark coil and returns to the source, completing the primary 
circuit. The secondary circuit, shown by a light line, consists 
of the secondary winding, S, of the spark coil and a spark plug in 
the cylinder of the engine, indicated in the figure by Z._ It should 
be noted, in connection with the secondary circuit, that this cir- 
cuit is never actually closed, since a spark gap always exists in 
the spark plug. Hence current cannot be said to flow in this 
circuit until the tension or voltage becomes high enough to bridge 
this gap by a spark. 

To understand the operation of the jump-spark system it is 
necessary first to study the action of the spark coil. There are 

c two kinds of these coils, the 
non-trembler and the trem- 
bler coil. 

The former is the type 
indicated in Fig. 13-10. Its 
actual construction is about 
as follows: J is the core of 
the coil consisting of a bun- 
| dle of fine iron wires. This 
is covered with a layer of 
some insulating material, 
and around this is wound 
the primary winding. This 
consists generally of several layers of insulated copper wire, 
about No. 20 or 22. A light layer of insulation next sepa- 
rates this from the secondary winding, which consists generally 
of some 10 to 15000 turns of very fine insulated wire. Each 
layer of this wire is separated from the next by a layer of insula- 
tion to prevent short-circuiting under the very high pressures 
occurring. 

To understand easily what follows, it is necessary merely to 
remember that if any conductor of electricity is moved across a 
magnetic field, or if a magnetic field is moved across a conductor, 
an electric current will immediately be set up in this conductor. 
Further, that if a current be passed through a conductor, a mag- 
netic field will immediately be set up around the conductor. 

Now, in the spark coil described, a current is sent through the 























Fie. 13-10.—Simple Jump-spark System. 
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primary winding as soon as the contact is closed at 7. This 
converts the iron core of the coil into an electro-magnet, setting 
up a strong magnetic field. The magnetic lines move outward 
across the windings of the ‘secondary circuit and induce a high 
tension in this circuit. But, owing to self-induction, the build- 
ing up of the magnetic field is much slower than the collapse of 
the field when the primary current is suddenly interrupted at T. 
The magnetic lines then move inward across the secondary wind- 
ing with much greater rapidity, hence the pressure induced is 
much higher than that existing during the building up of the field, 
and, if the spark plug is right for the coil, a spark will bridge 
across the gap in the cylinder, igniting the charge. The fact that 
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Fie. 13-11. — Jump-spark System with Trembler Coil. 


the voltage induced on the making of the current is not high 
enough to bridge the gap prevents the occurrence of a double ~ 
spark in the cylinder, which might lead to pre-ignition of the 
charge. 

Since with the non-trembler coil the current in the primary 
is established only once when ignition is desired, only a single 
spark will occur in the cylinder. It is possible that this single 
-spark may fail to fire and a series of sparks at the time of ignition 
is hence an advantage. This has led to the adoption of the 
trembler coil, Fig. 13-11*. The circuit shown in this figure is 
the same as that of Fig. 13-10, except that a trembler or “buzzer” 
T and a timer or commutator W have been substituted for the 


* T. H. White, Petrol Motor and Motor Cars. 
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simple make-and-break mechanism, 7, of Fig. 13-10. The 
action of the trembler is simple. As soon as W makes contact, 
the primary current converts the core, J, into an electro-magnet 
which attracts the armature, A, of the trembler blade. This 
action, however, breaks the primary current by pulling the 
spring blade, 7’, away from the constant screw at HE. A spark 
then jumps over in the cylinder as before explained. The break- 
ing of the primary current, however, releases the armature, A, 
which returns to its normal position, again establishing the pri- 
mary circuit at H. The operation is then repeated. This action 
establishes a pulsating pressure in the seerondary winding, causing 
a series of sparks as long as contact is maintained at W. 

The advantage of the trembler coil has already been pointed 
out. The disadvantages exist in the fact that a second moving 
part is introduced into the primary circuit which must be kept 
carefully adjusted if the system is to work satisfactorily. 

In both Figs. 13-10 and 13-11 it will be noticed that there 
is an arrangement, C, called a condenser, connected across the 
make-and-break mechanism, in the non-trembler coil across the 
interrupter, in the trembler coil across the vibrator or buzzer. 
The condenser consists of a large number of sheets of tinfoil, the 
number depending upon the capacity desired. Each sheet is 
separated from the next by a layer of insulation, and the alternate 
sheets are connected together. This manner of construction is 
clearly shown in the diagram. The object of the condenser is to 
prevent serious sparking at the make-and-break contacts in the 
_ primary circuit. The reasons why such a spark occurs at all in 
such a circuit is that the collapse of the magnetic field not only 
induces a high pressure in the secondary winding, but also causes 
& momentary increase in the pressure in the primary, thus bridg- 
ing any small gap by a spark, and causing rapid wear of the con- 
tact points of the trembler at EZ, Fig. 13-11. When the primary 
circuit is now broken at H, the current induced, instead of jump- 
ing across, is expended in charging the condenser. The action 
is very similar to that of an air chamber on a hydraulic pipe line, 
absorbing shock by compressing air. The next time the primary 
circuit is closed at H, the condenser discharges and helps to send 
a current through the primary. 

As actually constructed, spark coils are very compact. The 
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condenser is generally placed under the coils, and the whole is 
enclosed in a tight wooden box. Externally nothing shows but 
the terminals and the trembhler, if the coil is of that type. In 





Fic. 13-12. — Three-Terminal Spark Coil. 


some coils one end of the secondary coil is connected to one end 
of the primary winding, so that only three terminals show, as in 
Fig. 13-12. Fig. 13-13 shows a four-terminal coil, the secondary 


terminals being on 
top. The tremblers 
are of various con- 
structions, nearly each 
maker having his own 
design. They must 
give a quick break. 
They should be easy 
of fine adjustment, 
but the adjustment, 
once made, should 
stay. In many cases, 
as for automobile and 
marine purposes, the 





Fig. 13-13. — Four-Terminal Coil. 


entire spark coil is enclosed in a second box with tight cover, so 
as to prevent fouling by mud or water. An example of this is 


shown in Fig. 13-14. 


Timers. — A very important part of a jump-spark system is 
the device making and breaking the primary circuit, for every- 
thing depends upon the non-failing regularity of its performance. 
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There is a large number of such timers or commutators on the 

market, all-more or less good. Figs. 13-15 to 13-18 show a few 

of the designs. The fundamental 

idea in all of these is the same. 

The half-time shaft actuates a cam 

or wiper inside of a case, which 

cam, at the proper time, makes and 

breaks contact with insulated ter- 

minals held by the surrounding case. 

The number of such terminals de- 

as pends upon the number of cylin- 

ders. A great deal of ingenuity is 

. shown in the prevention of friction 

between the cam and the terminal. 

The action of the Sintz timer, Fig. 

nite 13-15, is obvious. Here we have 

il bE roller contact, the ends of the ter- 

= minals are hardened steel, and the 

Fie. 13-14. — Dash-board Coil. po - ao pieot, eh uae 

similar design is the Lacoste timer, 

Fig. 13-16. The cross-section shows clearly the manner of con- 

struction. Somewhat more complicated, but of excellent design, 

is the Pittsfield timer, Fig. 13-17. In 

the Crouse-Hinds double ball timer, 

Fig. 13-18, the cam on the half-time 

shaft passes between two steel balls, 

held as shown. This makes the con- 

tact positive, keeps the surfaces 
clean, and the wear is very small. 

With any of the above devices, 

the time of sparking may be varied 

by shifting the terminals with ref- 

erence to the cam or wiper on the 

half-time shaft. Some timers incor- *® 2 
porate governors to automatically Pie 19215 sass Tee 

time the spark. 

Spark Plugs. — A spark plug consists of two electrodes or 

sparking points which are held a certain distance apart in the’ 

cylinder. The central electrode is insulated, while the metallic 
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jacket enclosing the insulation generally carries the other spark 
point. This point, therefore, can be put in the circuit by fastening 
a wire anywhere to the engine. The essential requirements of 

















S 





Ml CO 


— 





i 
Hy 
a 
te 









HUTTE 





CHAN 





Fia. 13-17. — Pittsfield Timer. 


the construction are that the insulation of the central electrode 
be sufficient and not liable to breaking down, and that the elec- 
trode points be so constructed that the plug is not easily subject 
to fouling. 
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The most important part of the entire plug is perhaps the 
insulation of the central electrode. 


Among the materials used 
for this purpose, 
porcelain and mica 
take the lead. Por- 











Fig. 13-18.— Crouse-Hinds Double Ball Timer. 


the high pressures existing, 
thus short-circuiting the plug. 

How various manufacturers 
have tried to take into account 
the requirements mentioned, is 
shown in Fig. 13-19.* The 
first six plugs there shown have 
porcelain, and the last two mica 
insulation. 

It should be remembered in 
connection with spark plugs, that 
since the electrical resistance 
across the spark gap is greater 
when in actual operation in the 
engine than when in ordinary 
air, a plug may give a fair spark 








celain, while excel- 
lent, is very liable 
to break under any 
uneven expansion by 
heat, and the insu- 
lation must therefore 
be carefully designed 
with this point in 
view. Mica is not 
open to that objec- 
tion and its electri- 
cal resistance is very 
high, but owing to 
its laminated struc- 
ture, oil or soot 
may after a time be 
forced between the 
laminations under 





























Fig. 13-19.—Various Designs of Spark 
Plugs. 
* From Homans, Automobiles, p. 284. 
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when tested in air, and may still fail in operation. It should also 
be remembered that heat will lower the electrical resistance of 
porcelain, so that when the plug is very hot, short-circuiting 
through the insulation may result. It has been shown by ex- 
periment that while the resistance of porcelain cold was about 
100 megohms, this fell to 2 megohms when the plug was at a 
dull red heat and sparking ceased. The spark, however, was 
immediately restored by an external spark gap, and continued 
even when the resistance had fallen to 800,000 ohms. Without 
the external gap, if the plug was allowed to cool down, sparking 
recommenced when the resistance of the porcelain had again risen 
to 5 megohms. 

Auxiliary Spark Gap.— As the name implies, this is a 
second spark gap placed in the secondary circuit outside of the 

















Ite. 13-20. — Auxiliary Spark-gap. 


cylinder. This gap acts like an electrical condenser, above 
explained. The pressure builds up on one of the terminals of this 
gap, until it is high enough to break through the intervening air, 
causing an impulse of very high pressure through the circuit, thus 
giving a good spark across the main gap in the cylinder. Fig. 
13-20.* shows one form of auxiliary spark gap. The advantages 
claimed for the device are: 

(a) Greater certainty of sparking in the cylinder, since the 
higher pressure generated will cause a spark even across a par- 
tially fouled plug. 

(b) Greater life of battery, since current cannot leap across 
a fouled plug as long as the auxiliary gap is not bridged. 

(c) The sparking can be watched, since a spark across the gap 
always means a spark in the cylinder. 


* Homans, Automobiles, p. 290. 
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In spite of these facts the auxiliary spark gap has not found 
extended application. 


RELATIVE ADVANTAGES AND DISADVANTAGES OF MAKE-AND-BREAK 
AND JUMP-SPARK SYSTEMS 


Make and Break Ignition. — Low tension throughout the cir- 
cuit, requiring less thorough insulation, and causing less trouble 
from short-circuiting. The system is electrically more simple, 
while mechanically it is somewhat more complex than the jump- 
spark system. This latter fact makes it somewhat difficult to 
apply to high-speed engines. 

Jump-spark Ignition. — Electrically more complex than the 
other, but has no moving parts inside of the cylinder. 

Can be operated under very high-speeds with entire success, 
and has the greatest flexibility with regard to spark adjustment. 

Sources of Current.— All sources of electrical current used 
for electric ignition may be classed under two heads: 

1. Chemical Generators, under which come 

(a) Primary sources, as wet and dry cells, and 

(b) Secondary sources, as the storage battery or accumulator. 

2. Mechanical Generators, variously called dynamos and 
magnetos. : 

1. Chemical Sources of Current. 

(a) Wer and Dry Certts. — All chemical cells consist of 
three essential parts, a positive and a negative electrode and an 
exciting liquid, called the electrolyte. As the name implies, in 
the wet cell this electrolyte is used in its liquid form, while in the 
dry cell it is mixed with some absorbing material, and the paste 
is used to fill the space between the electrodes. Take the dry 
cell as an example. The negative element is usually a carbon 
rod placed at the center of the circular case which forms the 
envelope of the cell. This rod is surrounded generally first by 
a layer of manganese dioxide, the purpose of which will appear 
later, and the rest of the space between this and the positive 
element, usually zinc in the shape of a cylinder, is then filled 
with the electrolyte paste, the original liquid being usually sal- 
ammoniac and water. The top of the cell is then covered with 
pitch or other substance that prevents the evaporation of the ° 
liquid in the paste, except that a small vent hole is left to allow 
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of the escape of any gas that may form within the cell due to the 
chemical action going on. In such a cell the current generated 
by the action of the electrolyte passes from the zinc to the carbon 
electrode, so that as far as the terminals of the cell are concerned, 
the carbon is the positive terminal. The chemical action destroys 
the zine after a time and produces hydrogen gas on the carbon 
element. The greater the amount of this gas deposited on this 
element, the slower the generation of current, so that it may 
finally cease altogether. The cell is then said to be polarized. 
In dry cells the gas is taken care of in two ways; the vent hole 
in the top allows some of it to escape, while the layer of man- 
ganese dioxide above mentioned absorbs another part. But it 
is a fact that by these means not all of the gas is rendered harm- 
less and hence the cells will polarize with more or less rapidity. 
This merely means that if current is drawn from them continu- 
ously for any considerable length of time, their strength will fail, 
making the cell appear dead. The same reasoning applies to 
wet cells where the hydrogen is allowed to escape through the 
liquid. Now, assuming that the zine is not yet destroyed, if a 
cell so polarized is allowed to recuperate, it will again attain 
nearly its normal strength and may be used as before. The cells 
are said to be adapted to “open-circuit work.” From all of this 
it is quite evident that in places where the requirement for current 
is not very great and, above all, not continuous, the primary cell 
will give satisfactory services But where the draft of current is 
‘nearly continuous, as in high-speed four-cylinder machines for 
instance, the cell will rapidly polarize and soon fail to give suffi- 
cient voltage to operate the spark coil. The average size of a 
dry cell is about 24” x 7”. It will give when fresh from 1.3 to 
1.5 volts and from 12 to 15 amperes. 

It should be understood that there are other combinations of 
electrodes and electrolytes which may be used to generate cur- 
rent. Thus the so-called soda-cell is made up of a zine plate and a 
copper-oxide plate with a caustic soda solution as the electrolyte. 

(b) SroraGE Barrerius or ACCUMULATORS. — A storage cell, 
like a primary cell, consists of two electrodes dipped in an elec- 
trolyte, but contrary to the primary cell, it cannot give off elec- 
trical energy in its original state when the circuit is closed. It is 
necessary to charge a storage cell before it can return electrical 
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energy on the discharge. The charging action causes chemical 
changes in the material of the electrodes and in the electrolyte. 
The energy so rendered latent is nearly all restored, when, after 
the charging current is disconnected, the outside circuit is closed. 
Chemical changes, producing a current in the reverse direction, 
then take place in the cell, which return both the electrodes and 
the electrolyte to their original condition. Some exhausted 
primary cells may be partially restored by passing a current 
through them in the reverse way, but in most cases the trouble 
is not worth while. The possibility of a nearly complete re- 
generation of a storage cell is the chief difference between it and 
a primary cell. 

There are a number of materials which can be used as elec- 
trodes and electrolytes, but the usual type of storage cell to-day 
is that using some lead compound for the former and sulfuric acid 
and water for the latter. Hence only this lead storage cell will 
be here considered. 

In its modern form, both the positive and negative plates of 
a cell corsist of cast grids of lead, to which antimony is sometimes 
added to stiffen them. The perforations in the positive plate are 
first filled with some compound of lead, as Pb,O,, which is after-» 
ward converted to peroxide of lead, PbO,. Similarly the negative 
plate is filled with PbO which is afterwards converted into spongy 
metallic lead. A number of plates so prepared are then placed 
side by side in a glass jar, or if the battery is to be used for auto- 
mobile work, in a vessel of hard rubber or of wood lined with 
rubber or lead. Positive and negative plates alternate, and all 
the plates of like kind are connected together. There should 
always be one more negative than positive plates so that each 
side of each positive plate shall face a negative plate. The 
arrangement of plates presents a large plate surface in a compact 
space. Suitable insulation separates the plates from each other 
and keeps them from touching the bottom, in order to prevent 
any short-circuiting by contact or by dipping into any sediment 
that may form. In automobile batteries, the top is enclosed to 
prevent the spilling of the electrolyte, and nothing shows but the 
two terminals and an opening for filling. This is usually kept 
closed by a rubber cork with a small vent hole to allow of the 
escape of any gases that may form. 
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The chemical reactions that occur during charging and dis- 
charging are not yet fully understood, but it is agreed that the 
main action is the formation of lead peroxide on the positive and 
metallic lead on the negative plate during charging, and the for- 
mation of lead sulphate on both plates during discharge. The 
action is best explained by, the following diagram.* 


Discharging —— 
Charged Condition Discharged: Condition 
+ Plate, Electrolyte, — Plate, + Plate — Plate 


PbO. +2HSO, + Ph = PbSOs + 2H20 + PbSO:+ electric energy 
——— Charging 


Such a lead cell when fully charged should show a voltage of ° 
from 2.2 to 2.25 on open circuit, and from 2.10 to 2.15 when the 
engine is running. The voltage soon drops to 2.0 and then slowly 
to 1.8. Three-quarters of the total discharge takes place between 
the latter figures. It is usual to discontinue discharging a cell 
when the voltage has reached 1.75. Beyond this point the 
formation of the insoluble lead sulfate becomes troublesome and, 
discharging much below this figure, the cell may be testnoved or 
at least seriously impaired. 

Rating of Storage Batteries. —The amperage of storage 
cells depends on the weight of material in the cell converted by 
the chemical reactions, while the rate at which electrical energy 
can be taken off depends upen the surface of the active materials 
exposed to chemical action. Cells are rated by their ampere- 
hour capacity and nearly every maker states the normal rate of 
discharge recommended. For ordinary constructions the nor- 
mal discharge rate is about .04 ampere per square inch of total 
positive plate surface, and the discharge capacity about 4 ampere- 
hours per pound of plate, including negative and positive. In 
order to be able to compare different cells, the capacity rating is 
based upon a current that will cause the voltage of the cell to fall 
to 1.75 volts in eight hours. Thus, if to produce this result a 
current of say 25 amperes must be drawn, the capacity of the 
cell is said to be 8 x 25 = 200 ampere-hours. If the rate of dis- 
charge is faster than this, it is obtained at the expense of capacity. 
Thus if a current of 40 amperes were drawn, the capacity might 


* International Library of Technology. 
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be only 160 ampere-hours. Conversely, if the rate of discharge 
is slower than the standard, the limiting voltage of 1.75 may not 
be reached for say twelve hours instead of eight. These varia- 
tions depend largely upon the make of cell. 

Charging a Cell. — In charging a cell it is absolutely neces- 
sary to determine the polarity of the terminals of the source of 
current. The positive terminal must be connected to the posi- 
tive terminal of the cell. The charging rate of lead cells should 
be about the same as the normal eight-hour discharge rate. It 
is, however, possible to use smaller currents for a longer time. 
The voltage of the charging current must be somewhat greater, 
from 5 to 10 per cent, than the discharge voltage, on account of 
the internal resistance that must be overcome. In one charging 
test cited, the charging voltage rose from 2.05 to 2.15 at the end 
of two hours, to 2.20 at the end of six hours, and to 2.50 volts in 
eight hours and forty-five minutes. The rate of charging was 
thus about normal. If charging is continued beyond this point, 
the electrolyte will have the appearance of boiling, owing to the 
gas that is being evolved. Slight overcharging will not injure a 
cell, but a large amount of it leads to sulfating and permanent 
injury. 

Testing of Storage Batteries. —Two tests may be made, 
one for voltage, the other for sparking. For the former a low- 
reading voltmeter, 0 to 3 volts, is connected across the terminals 
of the battery, while the engine is in operation. The reading 
should be above 1.75 volts. Any cell may give 1.9 to 2 volts on 
open circuit, even if completely run down a short time before. 
The sparking test is made to determine in a way the state of the 
charge by noting the kind of spark. This test should be care- 
fully done and not repeated too often. It is a dead short-circuit 
method and therefore not good for the cell. The use of an 
ammeter is for that reason not recommended, as it would take too 
long to get a reading. The sparking test is made by placing one 
skinned end of a piece of insulated copper wire in contact with 
one end binding post of the battery, and then drawing the other 
end rapidly across the other post. The spark should be loud 
and snappy. 

Any storage battery should last from three to four years if 
properly treated. It is well to adopt a regular charging period, 
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Say once in three weeks for the ordinary automobile battery, 
whether the battery is run down or not. 

2. Mechanical Forms of Generators: Dynamos and Magnetos. 
— Mechanical forms of current producers have the advantage 
over primary and secondary batteries in that the energy required 
by them is derived directly from the engine they operate. Hence 
current will be produced as long as and only when desired. The 
other forms of generators depend upon sources of energy entirely 
extraneous to the engine plant, and the supply of current is there- 
fore not in any sense automatic, which would be the ideal condi- 
tion. The terms dynamo and magneto have been variously 
used. Some writers designate by “dynamo” any generator hay- 
ing electro-magnets serving to establish the magnetic field, and 
by “magneto” any machine employing permanent magnets for 
this service. Others define the difference as existing in the kind 
of current produced, a dynamo furnishing direct, ¢.e., continuous 
current, while a magneto produces alternating, 7.e., pulsating, 
current. Whatever definition is adhered to, it should be remem- 
bered that in either machine the current is produced by an 
electrical conductor cutting the magnetic field. The current is pro- 
duced in exactly the same way, and for exactly the same reason, 
as that established in the secondary winding of a spark coil, as 
explained above. In this case the conductor of electricity is 
wound upon a piece of metal, called an armature, which is rapidly 
rotated in a magnetic field.,“It makes no difference whether this 
field is produced by permanent magnets or by electro-magnets. 
If there are a number of such conductors upon the armature, and 
the current induced in each is properly collected by a so-called 
commutator upon the armature shaft so as to be practically con- 
tinuous in its flow through the external circuit, we have what is 
generally called a dynamo. On the other hand, if the current 
in the external circuit rises to a maximum value and then dies 
out to give a maximum value next in the opposite direction, the 
machine is generally known as a magneto. While in all dynamos 
and most magnetos the armature constantly rotates in one direc- 
tion, it should be stated that in all magnetos this is not at all 
necessary. Thus in the Simms Bosch magneto, the armature is 
stationary, and only a sleeve surrounding the armature is rapidly 
oscillated in the magnetic field. It would be beyond the scope 
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of this book, however, to discuss all the possible modifications, 
and the reader is hence referred to the works upon this subject.* 

In general, the small dynamo used for ignition purposes is 
driven by means of a friction wheel from the fly-wheel of the 
engine. There is then no current available from the dynamo when 
the engine is started, and it becomes necessary to use a battery 
of some kind for the first minute or two, switching in the dynamo 
when it is up to speed. This scheme has the disadvantage that 
the battery is sometimes left in the circuit and the dynamos have 
been known to burn out under excessive engine speeds. A device 
called the Auto Sparker, Fig. 13-21, overcomes these difficulties. 
This little dynamo is fitted with a centrifugal governor which 
controls the position of 
the friction wheel on the 
fly-wheel rim, so that 
even at starting the ar- 
mature rotates rapidly 
enough to furnish start- 
ing current. This does 
away with an auxiliary 
battery. As the engine 
speeds up, the governor 

Fic. 13-21. — Auto Sparker. of the dynamo acts to 

keep the armature speed 

constant, independent of the diameter of the fly-wheel or the 
engine ‘speed. By adjusting the governor tension spring, it is 
possible to control the speed of the dynamo to get any current 
between 1 and 3 amperes and any voltage between 3 and 10 volts. 

Regarding magnetos, the following description of the action 
of a magneto, together with the explanation of the method of 
connecting it up, is taken from a catalogue of the Holley Bros. 
Company of Detroit. For clearness and simplicity this descrip- 
tion can hardly be improved upon. 

“A magneto, so far as its essential parts are concerned, is a 
very simple thing. It consists of a U-shaped piece of special 
steel, which is permanently magnetized; in other words, a com- 
mon horseshoe magnet and a rotating armature. The armature 
consists of a soft iron core of approximate H cross-section as 


* W. Hibbert, Electric Ignition for Motor Vehicles. 
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viewed along the shaft upon which it is supported and on which 
it is designed to rotate. The magnet, to the free ends of which 
are affixed soft iron are-shaped pole pieces, and the armature core 
with the sides of the H correspondingly are shaped, is shown in 
vertical section in Fig. 13-22. In the slot formed in the armature 

















































































































Fig. 13-22. 


core by the sides of the H, wire is wound in turns lengthwise of 
the armature shaft. So much for the construction of the ele- 
mentary magneto. In order to understand how it generates in 
its armature, when turned, an electric current, it is necessary to 
remember one law of physics, namely: Whenever a wire is wound . 
about a magnetized soft iron core and the magnetism of the core 
suddenly dies out, there will be a tendency for a current to be 
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produced in the wire. A familiar example of the working of 
this law is found in the operation of the common jump-spark coil. 
Here we have a core made of soft iron wires and around it is 
wound a great many turns of fine wire, the ends of which are con- 
nected to a spark plug. The core is also wound with a coil of 
wire which is supplied with current from a battery, and when this 
current is flowing the core is magnetized. When the current 
from the battery is interrupted, the magnetism in the core sud- 
denly dies out, and, in accordance with the law above stated, a 
tendency is created for a current to flow in the fine wire coil which 
is connected to the spark plug and this ‘induced’ current jumps 
at the plug. 

“In order to explain how the iron core of the magneto arma- 
ture with its winding is magnetized and how the magnetism of 
the core is caused suddenly to die out, it is necessary to refer to 
four diagrams of Fig. 13-22, showing the armature in different 
positions of rotation with respect to the pole pieces. In diagram 
(1) the armature is represented with the two heads of its core in 
close proximity to the faces of the pole pieces. The space be- 
tween the pole pieces is thus almost completely filled or bridged 
with iron, and magnetism passes from one pole piece to the other 
through the armature core, thoroughly magnetizing it. Next 
consider diagram (II). Here the armature is shown rotated into 
such a position that one edge of each pole of the armature core is 
just leaving the vicinity of one of the pole pieces. As soon as this 
position is passed, the space from pole piece to pole piece is no 
longer filled with iron, but with air which is not a conductor 
of magnetism. Thus very little magnetism passes from one 
pole piece to the other and the core is no longer traversed 
by the magnetic influence and suddenly ceases to be mag- 
netic. This is exactly the condition prescribed by the above 
quoted law for the production of a current, and, in fact, when the 
armature in its rotation leaves position (II), there is a sudden 
impulse of current produced in the wire of the armature which 
dies away after the armature rotates a little beyond this position. 
In position (III), the conditions of armature magnetization exist- 
ing in position (I) are reproduced, except that the armature has 
changed ends in respect to the pole pieces and the magnetic in- - 
fluence passes through it in the opposite sense, charging it oppo- 
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sitely, so that when the magnetism is discharged in position (IV) 
the current will be in the opposite direction through the wire of 
the armature winding. As the armature is turned upon its shaft, 
there are thus produced, in each complete rotation, two rather 
short impulses of current of opposite direction nearly correspond- 
ing with the instants at which the armature heads, so to speak, 
‘part company’ with the pole pieces and are half a revolution 
apart. During the remainder of the rotation there is no current 
flowing. It may be readily seen that by connecting one end of 
the armature wire to the armature core, and by connecting 
the other to an insulated metallic contact segment, carried 
by the armature shaft, upon which bears a stationary insu- 
lated brush, the current impulses may be taken from the magneto 
for use. 

“Now as to the practical use of such a magneto for ignition 
purposes. Since it is only during a small part of the armature 
rotation that current is being generated, it is necessary to rotate 
the armature shaft at such a speed that these electrical impulses 
shall be so timed as to correspond with the periods when ignition 
is required by some one cylinder of the engine. If this were not 
attended to, the ignition periods of the engine might occur 
during the parts of the armature revolution, when no current 
was being produced. In order to bring about this result, the 
magneto and the engine must, at all times, run at a properly 
proportioned ratio of speeds and the positions of the engine, crank 
shaft, and armature must be adjusted right in the first place. If 
the magneto shaft is geared to the engine at the right ratio and 
the teeth of the two gears are correctly meshed, the desired re- 
sult will be brought about. For instance, if the engine be of the 
four-cylinder, four-cycle type, four sparks will be required for 
each two crank-shaft rotations. Four sparks will be produced 
for each two revolutions of the magneto, as well, and thus, if the 
magneto and the engine run at the same speed, the sparks will be 
numerically correct. If geared to the crank shaft, the crank- 
shaft gear and the magneto gear would have the same number 
of teeth, and if driven from a two to one shaft, the number 
of teeth in the two to one shaft gear would be twice as great 
as the teeth of the magneto gear. By changing the particu- 
lar teeth of one gear which are in mesh with certain teeth 
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of the other, the current impulses may be made to occur at the 

moments when the pistons are exactly in the firing positions.” 

+ In variable-speed engines, as automobile ma- 

chines, for instance, the service required of the 

ignition outfit becomes more exacting as the speed 

increases, owing to greater compression and less 

available time. This in the case of mechanical 

current generators is met by a natural increase in 

voltage with increase in speed, which constitutes 

: another advantage of this type of generator as 

compared with primary and secondary cells. Thus 

i less hand manipulation of the spark is required, 

but all magneto systems should be provided with 

means of altering the armature position relative 

\ to the crank-shaft position in order to alter the 
iT time of spark. 

METHODS OF CONNECTING UP PRIMARY AND 

se SECONDARY BATTERIES, AND SystEeMs oF WIRING 

USED. — Primary and secondary cells may be 

connected in series, in parallel (or multiple) and 

in multiple-series. The meaning of these terms 

is explained in Fig. 13-23. For series connec- 

tions, Fig. 13-23a, each positive element of one 

ie cell is connected to the negative element of the 

next, leaving free the negative element say of 

the first cell and the positive element of the 

last for connection to the outside circuit. In 

3 the second or multiple method of connection, 

Fig. 13-230, all the like elements of the cell are 

connected together. Fig. 13-23c¢ finally shows six 

cells in multiple series, 7.e., three each are con- 

nected in series, and these two sets in multiple 

| or parallel. To compute the voltage and am- 


perage that each one of these combinations will furnish to the 
outside circuit, let 


Fie. 13-23. — Methods of Connecting Cells 


N = number of cells in the combination 
V = voltage of one cell, and 
A = amperage of one cell. 


I 
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Then the following formule will give the desired information: 











Kind of Combination Series Multiple Multiple-series 
Voltage of-set... cic. yale NV Vv NV 
Amperage of set......... A NA 2A 








The ordinary dry cell, as stated, furnishes about 1.5 volts 
and 12 to 15 amperes. A make-and-break circuit should operate 
properly on about 8 to 10 volts, hence from 5 to 7 dry cells in 
series are required for this service. As far as jump-spark systems 
are concerned the following table gives pressures and currents 
required to operate some of the well-known spark coils, together 
with other interesting information.* From this table it is clear 
that from 4 to 6 dry cells in series are sufficient to operate most 
jump spark coils: 














Vibration Prim. Sec. 
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Waeasrer nt (eee Bi ee eb 177 232 2006 
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itsteldias 2 Stes, oe ae Pea 228 ee a ok 
Induction Coil Co. ....... 3 62 HED 360 .312 6180 
Milwankee, s.jaccc. ee ee Spases 390 312 6180 

















Turning next to the systems of wiring used, all make-and-break 
systems are low-tension systems, 1.¢., the voltage does not gen- 
erally exceed 8 to 10 volts. Fig. 13-24 + shows such a system in 
diagram with a magneto as the source of current. The circuit 
is easy to trace. One side of the electrical conductor on the 
armature is grounded, that is, connected to the engine frame 


* FH. G. Chatain in the Automobile, July 18, 1907. 
+ The following three figures are from an article by C. B. Hayward in the 
Automobile, April 4, 1907. 
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through the armature shaft and the frame of the magneto itself, 
as shown at G,. The other end sends its current to one electrode 





Fie. 13-24. — Simplicity of the Wiring of Low-tension Systems. 


of the make-and-break mechanism at A. When the commutator 
or timer, B, makes contact, current flows, the circuit being com- 
pleted by grounding B, as shown at G,. 

Jump-spark systems are called high-tension systems, but a 
distinction should be made depending upon whether high or low 





= a 


Fie. 13-25. — Wiring Diagram, “High-tension with Coil System.”’ 


tension magnetos are used. With a low-tension magneto it be- 
comes necessary to use the ordinary spark coil, and hence this 
method is sometimes called the high-tension with coil system. ° 
Fig. 13-25 shows the wiring for such a system, A being the con- 
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denser and B the primary and secondary windings of the spark 
coil. It is comparatively easy to trace out the complete primary 
and secondary circuits, if one takes into account the proper 
ground returns. 

The true high-tension jump-spark system differs from the 
above in the fact that the high-tension magneto embodies the 
secondary winding and the condenser of the spark coil. Hence 
the use of a separate spark coil is avoided. In Fig. 13-26 the two 
windings are indicated on the armature, but the condenser is 
shown at one side for the sake of clearness. This diagram shows 
the wiring for four plugs. 





Fic. 13-26. — Wiring Diagram of True High-tension System. 


HicH-rension Distriputor. — With the ordinary system of 
jump-spark ignition, as many coils as there are cylinders are 
required. It is possible, however, by placing a distributor in the 
high-tension side to serve a number of cylinders from one spark 
coil. The advantage of such a system is obvious, although it is 
bought at the cost of placing a make-and-break mechanism under 
very high voltage. The difficulties inherent in this, however, 
have been fairly successfully overcome. The difference in the 
wiring is made clear by Fig. 13-27 and Fig. 13-28,* both applying 
to four-cylinder engines. The former shows the four-part timer 
connected to the four spark coils serving the plugs S P, to oes 
In Fig. 13-28, a high-tension distributor D connects the high- 
tension side of the single coil first with one plug, then with 
another as may be required. In practice the high-tension distrib- 


* Both from Hibbert, Electric Ignition for Motor Vehicles. 
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utor D and the primary commutator or timer, CM, are com- 
bined in one device. Fig. 13-29 shows the Crouse-Hinds Double 
Bell Contact distributor and Fig. 13-30 the Leavitt distributor. 









From battery + 


From battery ++ 





Fig. 13-28. 


The essential thing in high-tension distributors. is that serious 
sparking in the high-tension side must be avoided. For that 
reason, in most of the devices the primary commutator does not - 
establish the current until the high-tension distributor is in con- 
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tact with its proper plug segment and the primary current is 
broken before the contact in the high-tension side is over. To 
quote from the description of the Crouse-Hinds device: 

“The principle is exactly the same as that of the commutator 
already described, Fig. 13-18. The distributor has two cams and 
two sets of ball contacts, one set for the timer and the other 
for the distributor, the only difference being that in the latter 
the balls in each contact are about three-eighths of an inch 
apart and the cam insulated from the shaft. The connection is 





Fic. 13-29. — Crotse-Hinds Distributor. 


made and the circuit is closed for each cylinder as the cam 
passes between the balls.” 

The following is a description of the Leavitt distributor as 
given in a catalogue of the Uncas Specialty Company: 

“This device, two views of which are shown above, consists 
of a cylindrical casing, A, of hard rubber, into which is let a metal 
plate, B, at one end, and which is covered by a hard rubber cap, C, 
at the other end. Upon a ball bearing in the end plate, Bb, is 
mounted a driving sleeve, D, designed to be secured upon an 
extension of the cam shaft, and carrying fast upon it contact 
blocks, HE, EH, E, E, which make contact, successively, with the 
primary ball contact terminal, Ff. Thus far the device is identical 
with the ordinary timer. The commutator portion is located 
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at the opposite end of the cylindrical casing. The latter is en- 
larged at that end, and into the radial wall between the two 
cylindrical portions are clamped four flat-head studs, G, G, which 
serve as binding posts for the spark plug connections. Into the 
end of the metallic sleeve, D, is fastened a hard rubber stud, H, 
which at its outer end carries a radial arm, J, which is of metal 
with a relatively wide contact 
shoe at its end, which when the 
sleeve, D, revolves, passes over 
the four contact studs, G, thus 
conducting the current succes- 
sively to the four plugs. The 
current is conducted to the ro- 
tating arm by a central ball con-. 
tact, J, secured into the cap, C. 
When the hard rubber casing is 
moved around its axis by means 
of the arm, K, to vary the time 
of spark, both primary and 
secondary contacts are equally 
displaced.”’ 

Mufflers. — A muffler is an 
essential part of a gas-engine 
installation if-quiet operation is 
desired. The sudden release of 
a body of gas at a pressure nor- 
mally of 40 pounds per square 
inch» above the atmosphere 
causes a sharp noise very annoy- 

Fig. 13-30. — Leavitt Distributor, 1g in the long run. A muffler 

is merely an enlargement in the 
exhaust pipe to allow of gradual expansion of the escaping 
gases. Many different schemes are used. Thus in some cases 
the muffler is merely a cast-iron pot or vessel of suitable vol- 
ume, in other cases the muffler is of more elaborate construc- 
tion consisting of a vessel filled with baffles or partitions in 
various ways and intended to expand the gas gradually and to 
break up the sound waves. Besides efficiency as a dampener of . 
noise there are two other points that should be kept in mind 
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with regard to mufflers, absence of any serious back pressure 
and durability. 

The increase in back pressure caused by a muffler depends 
upon the volume of the muffler and upon the amount of choking 
caused by the baffles. The minimum volume of the muffler 
should be at least five times the cylinder volume, but for com- 
plete silencing twice this volume is none too much. Outside of 
the plain cast-iron muffler pot, it is probably safe to say that 
nearly all baffled mufflers increase the back pressure somewhat. 
This fact is conceded by most manufacturers in that they furnish 
a cut-out which is called into service when the engine is to be 
called upon for a hard pull. At least one manufacturer, however, 
claims the production of a slight vacuum between muffler and 
engine due to the ejector action of the muffler. 

There is little doubt that cast iron is the best material to use 
for mufflers, as it is least attacked both by heat and the action 
of gases. This is especially true if a spray is used in the exhaust 
pipe for the purpose of cooling and condensing the exhaust gas. 
Many mufflers, however, for the sake of lightness and ease of 
manufacture, are made of galvanized sheet steel and give quite 
satisfactory service. 

The noise of the air rushing into the inlet pipes of an engine 
is also sometimes very annoying and in some cases may cause 
undesirable vibrations of doors and windows, and even walls, 
of the building. In such a case it is usual to muffle also the inlet 
pipes, and one of the best ways to do this in small and medium 
sized engines is to take the air from the hollow sub-base. 

In some very large engines the proper silencing of the intake 
and the exhaust becomes quite a serious problem, as the ordi- 
nary muffler would become very large. The expedient sometimes 
used is to draw the air through an underground masonry duct 
of ample size leading in from the outside of the building, and to 
discharge through a similar duct into a chamber from which the 
gases finally escape. A spray of water into the exhaust pipe of 
such engines, close to the exhaust valve, helps materially. 

Figures 13-31 and 13-32 * show two types of muffler some- 
times used. In the first the stream of gas is merely divided, in 
the second edch division is furnished with an enlargement. de- 


* Mathot, Engineering Magazine, July, 1907. 
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signed to decrease the gas velocity still further. Fig. 13-33 
shows the Powell muffler. The partial section shows how the 
gas is broken up into many fine streams by 
passing it through perforated plates. In the 
so-called ejector muffler, Figs. 13-34 and 
13-35, made by the Motor & Mfg. Works 
of Geneva, N. Y., a part of the gas passes 
straight out through a central pipe. The rest 
is made to pass a series of perforated cones 
as shown. It is claimed that the central 
pipe acts as an ejector serving to draw the 
gas through the cones, thus eliminating back 
pressure and even creating a vacuum ahead 
of the muffler. 

Starting Apparatus.— The best way of 
starting small engines, up to say 10 to 12 
horse-power, is to turn the fly-wheel over 
by hand either in the direction of normal rotation until the 
engine picks up, or, after a charge has been drawn in, by turn- 
ing it in the opposite direction 
against the compression and then 
snapping the spark by hand. In 
starting an engine in this way, 
it is essential to make sure first 
that the time of sparking is 
rather late, otherwise the engine 
may “buck,” which may pos- 
sibly lead to an accident to the 
person starting it. 

As the size of the engine 
increases, however, the manual 
labor involved in the above 
scheme soon becomes too great 
and other means had to be devel- 
oped. These may be grouped 
under several heads. It should 
be noted that none of these are quite able to start an engine 
under load. 

(a) Starting crank. 





Fic. 13-31. 





Fie. 13=32. 


¢ 
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(b) Starting by smaller engine or other source of power. 

(c) Starting by mixture. 

(d) Starting by compressed air. 

(e) Electrical starters. 

Of the methods above mentioned, (a) is nearly universally 
used for engines up to 15 to 20 horse-power; beyond this, starting 
by compressed air, method (d), is generally employed. 





Fig. 13-35. — Ejector Muffler. 


(a) Most starting cranks are so arranged that, when turned 
in the direction of rotation of the engine, they grip the shaft. As 
soon as the first explosions accelerate the shaft so that it turns 
faster than the crank is being turned, the latter-is released. This 
scheme does not prevent the crank from “kicking” back into the 
starter’s hand if the spark should happen to be early, and many 
accidents have resulted therefrom. A crank which avoids this 
drawback is shown in Fig. 13-36. The following description of 
this device is from the Horscless Age, March 7, 1906: 
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“A bushing A, having a thread of exceedingly high pitch cut 
on its interior surface, contains a threaded sleeve B which serves 
as bearing for the shaft of the starting crank C. Rigidly secured 
to the shaft of the crank C are a ratchet wheel D and a ratchet 
cam FE, the latter adapted to engage with the ratchet E’ on the 
motor shaft. In an extension of the sleeve B are a set of spring 


e press pawls F' which are 
y \ 
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adapted to engage with 
PSN 


the ratchet wheel D. 
_f SSN 
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“The device is mounted 
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at such a distance from 


the end of the crank shaft 
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D and ’ cannot engage un- 
less the sleeve B is screwed 
to the limit of its motion 
into the bushing A_ by 
means of the hand wheel 
G. In starting the motor, 
the device being in the 
position shown in the as- 
sembly view, the action is 
the same as that of an 
ordinary starting crank. 
When the motor runs up 
to speed, owing to the 
pressure between the cam 
surfaces of ratchet cams - 
Fig. 13-36. — Starting Crank. E and &’, the starting 
spindle is forced back into 

the sleeve B, and the ratchet cams E and E’ are thereby dis- 
engaged. However, if the motor should kick back, the pawls 
F would engage into the notches in the ratchet wheel D, and the 
sleeve B would be rotated and draw the ratchet cams E and EK’ 
out of mesh. The pitch of the thread on the sleeve B is so 
steep that a very slight rotation of the sleeve in the bushing 
will carry it back far enough to pull the starting spindle out 
of engagement with the crank shaft. The pawl and ratchet 
mechanism is completely enclosed by a lateral extension on 
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the bushing A and an end plate bolted to the extension of the 
sleeve B.”’ 

(b) If the plant has other engines in operation or if there is a 
shaft in operation it is quite easy to transmit the motion to the 
engine to be started. Some large engine installations were 
equipped with smaller engines the shaft of which carried a pinion 
which meshed with a ring of teeth onthe fly-wheel of the large 
machine. When the large engine picked up its cycle, the small 
engine was automatically put out of mesh with the wheel. The 
cost of fitting a large engine for starting in this matter, however, 
is considerable. Hence this method has been largely replaced 
by the use of compressed air. 

(c) Starting by means of the fuel mixture is done in various 
ways. The scheme appears to be reliable in the case of engines 
using illuminating gas; for other gases it never was in any ex- 
tended use and in fact is to-day nearly obsolete. Besides the fact 
that if the first charge should fail there was generally not enough 
left for a second trial, the storing of an explosive mixture is 
obviously attended with some danger. 

In nearly all cases of starting by the fuel mixture, the engine 
crank is put a few degrees above center, 7.e., well in the beginning 
of the expansion stroke. One method is to charge the com- 
pression space with air at atmosphere pressure, and then to open 
the gas cock. The mixture formed is allowed to escape through 
a special check valve and is Agnited by a Bunsen burner just at 
the orifice. When the issuing flame burns reddish, showing that 
the mixture is rich, the gas valve leading into the cylinder is 
suddenly closed off. The flame at the orifice of the check valve 
strikes back into the combustion chamber and explodes the 
mixture remaining. The pressure generated closes the check 
valve and drives the piston forward. This is the original method 
of Clerk and of Green. 

The pressure generated behind the piston in the above manner 
is not very high, and the velocity attained therefore correspond- 
ingly low. The next step in the development was then to com- 
press the charge before ignition. The Clerk pressure starter and 
the Clerk-Lanchester high-pressure starter are of this type. Fig. 
13-37 * shows the latter gear. The method of operation is as 


* Clerk, The Gas and Oil Engine. 
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follows: As the engine is slowing down for a stop with the main 
gas valve closed off, valve W is opened. This draws fresh air 
into the chamber D and the pipe D’ through the valve Y. When 
next the engine is to be started, the gas cock F is opened. Gas 
flows into D and D’ and forms a combustib\e mixture. Through 
a cock on the cylinder, or a slightly open exhaust valve, a part 
of the mixture is allowed to fill the combustion chamber through 
the valve W, while another part escapes through a check valve Y 
and is ignited by the Bunsen burner X. As soon as the mixture 
is right, F is closed off, the flow stops, and the flame strikes in 
through Y into D. The pressure generated closes Y. The flame 





Fia. 138-37. — Clerk-Lanchester Starter. 


and pressure wave travels around into D’, compressing the still 
unburned charge ahead of it and finally ignites the charge so 
compressed in the combustion chamber A. The starting pressure 
so obtained is about twice that obtained by the method first 
described. 

Besides these flame starters, of which there are a number of 
modifications, other methods are in use. Thus in some engines 
a mixture is pumped under more or less pressure by hand into the 
combustion chamber, and ignited either by snapping the spark, 
or, as it is done by one manufacturer, by suddenly lighting an 
ordinary parlor match, the head of which is allowed to slightly 
project into the mixture. The device for doing this is quite 
simple but the method is not much used. 

Another scheme is to charge a pressure tank with the combus- 
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tible mixture. This is generally done by means of a special valve 
which, when the engine is in operation, opens somewhere along 
the compression stroke of the engine, and allows it to compress 
some of its charge into the tank. The starting is then done either 
by merely filling the combustion chamber under low pressure 
from the tank and igniting the mixture by suitable means, or by 
opening the tank valve wide, utilizing the pressure of the com- 
pressed mixture to start the engine, igniting the charge on the 
next compression stroke in the regular way. This scheme has 
the advantage that if the first trial fails there is generally enough 
in the tank for several more attempts, but the storing of any con- 
siderable quantity of mixture under pressure is not to be recom- 
mended on account of danger of explosions in the tank. 

Finally, at least one large German engine has been started by 
means of the mixture by first placing the crank in the proper 
position, and then blocking the fly-wheel by a plug of suitable 
material. A small gas engine is then started by hand and allowed 
to fill the combustion chamber of the larger engine under pressure 
in the same way as the tank was charged in the previous method. 
When the desired pressure is reached, the mixture is fired by hand 
manipulation of the spark, the impulse of the explosion breaks 
the plug holding the wheel and the engine picks up the cycle in 
the regular way. ; 

(d) To-day the starting of internal combustion engines of any 
size is generally done by compressed air. The latter may be 
obtained in various ways. In some of the smaller engines, when 
the engine is to be shut down, the fuel valve is closed and the 
engine as it slows down is allowed to compress the air drawn in 
into the tank. Some other installations have a hand-operated 
air compressor for charging the tank, or the compressor may be 
belt-driven from the engine for a few minutes. It is hardly neces- 
sary to say that all tank and pipe connections must be absolutely 
air tight, because the failure of the air pressure in a plant of some 
size would cause serious delay. [or engines of the largest ca- 
pacity, it is usual to employ air compressors completely indepen- 
dent of the engine, thus obviating any failure due to tank leakage. 

The method of starting by compressed air is to set the engine 
beyond the center and then to give an impulse through the start- 
ing valve. In some engines this valve is hand operated, in 
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others it is operated by the valve gear. Again in some, especially 
single-cylinder, engines the valve-actuating gear is not changed 
at all, except perhaps to relieve the compression somewhat, while 
in some multi-cylinder engines the gear on one cylinder is changed 
to make this cylinder act on the two-cycle principle, 7.e., so that 
it can take an air impulse every turn, until the other cylinders 
have started regular operation. In any case it is best to retard 
the spark somewhat for starting. 

The starting pressures employed vary from 100 to 150 pounds, 






YA Wt se enee 


Fia. 13-38. — Air-starting Apparatus. 


depending upon how the air is compressed. In general one or, 
at the most, two impulses are sufficient to start a machine. 

The following description of Fig. 13-38, given by F. E. Junge 
in Power, April, 1906, shows the method of starting a large engine 
by compressed air: 

“In this diagram A is the valve controlling the flow of air 
from a separately driven air compressor to the tank and Ba 
similar valve in the pipe connecting the tank to the engine. Both 
valves are mounted on one pillar, which also has screwed. on top 
of it a gage indicating continuously the pressure in the tank. 
Regulation of the supply of compressed air to the engine cylinder 
is effected by means of an automatic spring-loaded inlet poppet 
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valve, the stem and dise of which may be released or held fast 
by screwing down or unscrewing the hand wheel C at the engine 
end of the air pipe. A plug valve D is inserted in the air pipe 
immediately ahead of the inlet valve. Before starting the engine, 
the fly-wheel is turned into such a position that the crank is about 
30 degrees above the inner dead center. The starting gear is 
adjusted so as to open both the inlet and the exhaust valves at 
the proper moments, the action being such as to allow part of the 
compressed air to escape during a fraction of the return travel of 
the piston and thereby reduce the compression to about 28 pounds 
per square inch for rich gases, and about 50 pounds per square 
inch for poor gases. In the meantime, the electric ignition device 
has been automatically adjusted so as to retard ignition for the 
first few strokes. The main fuel or gas valves must, of course, 
also be set so as to produce the most favorable mixture for starting 
conditions. 

“To start the engine, the air stop valve B is opened, thesauto- 
matic inlet valve released by screwing down the hand wheel C 
to the full extent, and compressed air is then admitted by turning * 
the handle D 90 degrees. The piston will then begin to travel 
slowly on its outward stroke, and just before it reaches the outer 
dead center the handle D must be returned to its original position, 
shutting off the air supply. The first impulse given to the fly- 
wheel by compressed air will usually be sufficient to produce 
several revolutions at a speed/Of about one-fifth of the normal, 
when no load is on. During the following (suction) stroke a 
mixture of gas and air in the correct proportions is taken in, and 
on the next stroke compressed and ignited. If the right mixture 
does not happen to be obtained and ignition fails to occur, another 
compressed air impulse is given, which will always produce the 
desired result. After the first power stroke has been obtained 
the air supply valve B is closed and the automatic inlet valve held 
fast by unscrewing the hand wheel C until its hub bears against a 
collar on the valve stem, whereby the valve disc is firmly pressed 
on its seat. Then the starting gear is pushed back into the run- 
ning position, so as to allow the mechanism to open the valves 
at the regular intervals only. The point of ignition is thereby 
automatically advanced and may now be adjusted by hand or 
by the governor of the engine so as to suit the changed conditions. 
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When the main gas admission valve is set in the correct running 
position, all operations for starting have been duly executed. 
It may be added that it takes less time to perform the complete 
cycle of operations than it takes to describe it.” 

(ce) In central stations, or in other locations where electric 
current is available, starting by electricity is the simplest and most 
satisfactory method. There 
are again several ways in 
which this may be done. 

If the engine drives a 
dynamo, it is possible to 
drive this dynamo as a 
motor from another source 
of current, until the fly- 
wheel has attained suffi- 
cient velocity. The layout 
for doing this is not at all 
simple, however, and must 
be carefully handled. A 
storage battery charged 
during the previous oper- 
ation may be used as a 
eS | source of current if no in- 

3 fey’ /, dependent source of cur- 
| 7 AN ea eae 
f(A rent is available. 
Motor Starter: A simpler way is to-gear 
an electric motor to a rack 
on the fly-wheel as shown in Fig. 13-39.* When the engine picks 
up the motor is automatically thrown out of gear. This scheme 
has the merit of great simplicity, absolutely no change in the 
valve operation of the engine being required for starting. 
One method of automatically disengaging the motor is de- 
scribed in the Zeitschrift d. V. d. I., January 5, 1900. A general 
view of the Felten and Guilleawme electric starter for large en- 
gines is shown in Fig. 13-40, while Fig. 13-41 shows the diagram 
of connections and the method of operation for smaller sizes. 
The motor e by means of a chain drive operates the pulley s,. 
Rigidly fastened to this pulley is the gear z,. This gear in turn 


* F. KE. Junge, Power, April, 1906. 
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Fic. 13-40. — Felten 


& Guilleaume Electric Starter. 


drives a gear z, which is pivoted on a swinging lever h, as shown. 
The are z represents the pitch circle of the annular gear inside of 











Fia. 13-41. 


the fly-wheel. Arrows indicate the 
direction of operation for each gear. 
One end of the lever h, is connected 
by means of a strong helical spring j 
to the toothed segment m. Meshed 
with this segment is the gear z, 
which is turned in one direction or 
the other by the lever h,, which is 
the operating handle of the motor 
starting box a. In the diagram, 
lever h, has been pulled to the right 
as far as it will go. This action has 
started the motor e, and, by shoving 
the segment m to the left, has put 
the spring under considerable tension. 
This pulls the lower end of h, to the 
right and causes z, to mesh with 
the fly-wheel z. The gear 2, being 
positively driven from z,, starts 
the fly-wheel revolving. The entire 
mechanism is held in the position 
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shown by a latch k at the end of the segment m. If now the 
engine picks up its cycle, and the wheel z attains a greater 
velocity than it can receive from 2, the lever h, by the action 
of the fly-wheel will be pushed toward the left, putting the 
spring f under higher tension. This motion proceeds until the 
upper end of h, comes in contact with and unlatches k, when, 
under the influence of the spring, the segment m is pulled to 
the right very suddenly and the motor is shut off. At the same 
time the action of the fly-wheel upon z, throws this out of mesh 
with z. The entire labor connected with this starter therefore 
consists of the attendants turning the handle h, of the starting 
box to the right to start the motor. Beyond this no further 
attention is required, the action being entirely automatic. 


CHAPTER XIV 


REGULATION OF GAS ENGINES 


IN gas as in steam engines there are two kinds of speed vari- 
ation. The first of these is directly due to the impulse of the 
explosion, and it manifests itself in a variation of the velocity of 
the crank pin during one engine cycle. To confine this speed 
variation to within the allowable limits set by the particular 
service to which the engine is to be put is the function of the 
fly-wheel. Fly-wheel computations are beyond the scope of this 
work, but it will be of interest to point out briefly the relation 
between the various types and combinations of engines as regards 
the fly-wheel weight required for any given service. This weight 
depends not only upon the closeness of regulation desired, but 
largely also upon the variation of the crank effort during one cycle 
or revolution, and this in turn depends upon the cycle employed 
and the cylinder combination. 

The most complete exposition of this subject relating to gas 
engines is given by Gildner,* and from the data given by him the 
following table (see page 440) is adapted. 

In deriving these figures it is assumed that the same coefh- 
cient of fly-wheel regulation, designated by 6,. is maintained in 
all cases. This coefficient 

5 _ Vinax ~ V min 
w Ve J 
where V is the mean velocity of the crank pin. 

The second kind of speed variation above mentioned is the 
change in the number of revolutions of an engine in any given 
time due to a change of load. This variation is taken care 
of by the governor. Just as a limit is set to the speed 
variation during one cycle, so an allowable limit is set to the vari- 


* Wntwerfen und Berechnen der Verbrennungs-motoren, 2d ed. 
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TABLE OF RELATIVE Fiy-WHEEL WEIGHTS FOR THE SAME COEFFICIENT OF 
REGULATION; FOR VARIOUS TYPES OF ENGINES AND CYLINDER ComBI- 
NATIONS. WEIGHT OF THE FLy-WHEEL OF A SINGLE-ACTING, 
SINGLE-CYLINDER, 4-CycLe ENGINE IS TAKEN = 1.00. 








Relative Fly-Wheel Weight for 





Crank Travel 
Between Ex- : 
Type of Engine and Cyl- losi Equal Cyl. Di- ? 
eaes Cocahiiation ese ameter, Stroke, | Equal Maximum 


and Revolution Horse-power 





4-Cycle | 2-Cycle| 4-Cycle | 2-Cycle| 4-Cycle | 2-Cycle 





I.Single-Acting, Sin- 


gle Cylinder...... 720 360 1.000 -802 | 1,000 401 
II. Double-Acting, Sin-} 540 & 
gle Cylinder..... 180 180 1.230 424 615 tOGie 





III. 2-Cylinder Tandem 
Single-Acting, 1 
Granicoa cet eee 360 360 796 | 1.595 398 399 

IV.2-Cylinder opposed, 
Single-Acting, 1} 540 & 
Crank <a 180 180 1.290 335 645 -O84 

V.2 Cylinders in Par- 
allel, Single-Acting 

2 Cranks together| 360 360 .792 | 1.602 396 401 
VI.2 Cylinders in Par- 
allel, Single-Act- 
ee 180°} 540 & 

ee oe 180 180 1.290 335 645 .0.84 

VII. 3. ee in Par- 
allel, Single-Act- 
pean, 120° 

ee ee 240 120 678 237 -226>| .0395 

VIII. 4 Cylinders in Par- 
allel, Single-Act- 

ing, 4Cranks, Nos. 

1 & 3 together, 

Nos. 2 & 4 togeth- 

er, and 180° from 
Nos.1&3....., 1500s eee 585) hn ee 094 ta co 

















ation that may occur in the number of revolutions from ful! load 
to no load, and the governor must be designed and set accord- 
ingly. The allowable variation, the so-called coefficient of gov- 


n Nini 
ernor regulation, may be expressed by §, =—™2%—"™!" where n 
n 


is the mean number of revolutions Ga What 
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the values of 6,, or 6, may be depends altogether upon the kind 
of service, and the value of 6, at least is, or should be, clearly 
stated in all engine specifications. The value of 6,,, that is, the 
variation in the angular velocity of the engine, can be made any- 
thing, depending upon the weight of the wheel put in. It usu- 
ally varies from 6,,=#,,for ordinary commerical service, to 6,,= 345 
say, for the most exacting service required for the operation of 
alternating-current generators in parallel. The value of the co- 
efficient of governor regulation 6, usually varies between 3 and 
gis, 1.e., the speed variation is from 2 to 4 per cent. 

The theory of centrifugal governor design as applied to gas 
engines governing by throttling or cut-off cannot be taken up 
here, except merely to state that it is best, especially in the case 
of the power gases, to have the governor act upon the mechanism 
that positively operates the admission gear rather than upon the 
admission gear direct. In this way the governor does not in gen- 
eral have to be so powerful and above all it is unaffected by any 
clogging of the admission gear or valves due to tar and other in- 
crustations. It should further be noted that any governor of 
this type that is too sensitive may react with the speed variation 
within one revolution and will thus be hunting constantly. Dash 
pots only forcibly overcome these conditions, and it is better to 
design these governors with plenty of adjustment regarding their 
sensitiveness. 

The design of hit-and-miss governors (see below) is in general 
very simple. In contradistinction to the type of governors above 
mentioned, they can hardly be made too sensitive or astatic 
for the quicker they act, the better. 

In the following we take up, first, Systems of Governing, and, 
second, Mechanical Details of Governors. 

1. Systems of Governing. — At the outset an essential 
difference between steam and gas engines in the matter of gov- 
erning should be noted. The working fluid in the steam engine is 
a comparatively stable medium, and, as long as the pressure 
remains constant, one position of the governor mechanism 
always corresponds to the same load, cycle after cycle recurring 
with the same development of power. This is absolutely essen- 
tial for close governing, and in this respect the steam engine 
has some advantage over the gas engine. The conditions in 
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the latter are very different. The working fluid is prepared 
by the engine itself, air and fuel being mixed at the engine to 
produce the medium. Various expedients to this end, more or 
less successful, are in use, but outside of this, due to accidents of 
design or other reasons, stratification of the charge more or less 
complete, and variation in ignition, may result in unequal veloc- 
ity of pressure propagation through the mass of the charge giving a 
bundle of different diagrams for the same heat value of the charge. 
Thus it may result that the same position of the governing mech- 
anism may not, and often does not, indicate the same power 
developed, and speed fluctuations are the inevitable result. For- 
tunately the mixing and ignition apparatus of our modern en- 
gines can be made perfect enough in their action to confine these 
fluctutations to within allowable limits. 

All gas engine governors come under the following systems 
as far as their effect upon the diagram is concerned. Mechan- 
ically they may be of various designs, as inertia, fly-ball, etc., 
as shown later: 

I. The Hit-and-Miss System. 

II. Variation of the Ratio of Fuel to Air with Change in 
Load; Quality Governing. 

III. Variation of the Quantity of the Charge to suit the Load. 
Ratio Fuel to Air remaining constant; Quantity Governing. 

IV. Combination Systems. 

V. Governing by Varying Time of Ignition. 


I. The Hit-and-Miss System 


This system effects speed regulation by cutting out explosions 
altogether, depending on the load. Thus, for instance, if the 
engine is running at full load, the explosions or cycles will follow 
each other in regular order until the speed has increased enough 
above the mean to cause the governor to act, preventing the draw- 
ing in of the next charge, thus causing a “miss.” This in turn 
causes the speed to fall sufficiently below the mean to make the 
governor act the opposite way, causing the explosions to recur. 
At any other load less than the full load the governor action is 
the same, except that as we go down in the scale the proportion 
of “misses” to “hits” constantly increases. This system may - 
be operated in any of the following ways: 
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(a) By keeping the fuel valve closed, so that the engine draws 
only air for the miss cycle. 

(b) By keeping the inlet valve closed, thus preventing the 
admission of both fuel and air. 

(c) By keeping the exhaust valve open. In this case the 
admission valve is usually automatic, and its opening is prevented 
by the fact that on the next stroke no vacuum is formed, the 
exhaust gases being sucked back into the cylinder. 

Theoretically this system of regulation is the simplest, and, 
from the standpoint of fuel consumption, the most economical; 
practically, however, it is beset with certain difficulties. In 
theory the cycles are all gone through under exactly the same 
conditions, and hence ratio of fuel to air, pressure of compres- 
sion and point of ignition can all be adjusted once for all to suit 
the requirements of best thermal efficiency. The thermal effi- 
ciency of the cylinder should therefore be the same at all loads. 

In practice there is some deviation from this ideal condition, 
even assuming perfect governor action, but the variation depends 
somewhat upon the manner of governing. Thus in engines in 
which only the fuel valve is kept closed to produce the miss cycles, 
it will generally be found that the card directly following a miss 
périod is larger than those following, at least for loads approach- 
ing full load. This is due to the fact that during the miss period 
the cylinder has been thoroughly scavenged by air, causing the 
next charge to be purer and somewhat larger in quantity than 
the average. Under very low loads the effect is apt to be the 
opposite, that is, owing to a prolonged period of miss strokes the 
cylinder has cooled so far as to make the first cycles following 
somewhat slow burning until the cylinder heats up again. 

It is evident that these variations must have their effect upon 
cylinder efficiency, but the effect is perhaps greater with liquid 
fuel engines than with gas engines proper, because a cool cylinder is 
likely to condense some of the fuel vapor, thus causing a direct loss. 

In engines that govern by keeping the exhaust valve open, 
drawing the exhaust gases back into the cylinder, the effects above 
outlined may be less marked, but the method cannot on that 
account be recommended as better than the other, because the 
inevitable mixing of the exhaust gases with the incoming charge 
has its own harmful effects. 
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In spite of these facts, however, the hit-and-miss system of 
governing, no matter how carried out, usually shows a somewhat 
greater economy of fuel in practice than the other systems. 

We next turn to the efficiency of this system as a speed regu- 
lator. It is evident that the closeness of regulation in case cen- 
trifugal governors are employed depends altogether upon the 
sensitiveness of the governor, that is, upon the facility with which 
it changes from one position to the other; although it is possible 
here also to have a governor too sensitive, resulting in needless 
hunting. But whatever the type of hit-and-miss governor, the 
regulation will be closest if at the higher loads a constant series 
of explosions is followed by a single miss cycle, or if at the lower 
loads a single explosion is followed by a constant series of misses. 
Thus 2 load should be represented by the series 111-111, ete., and 
t load by 1----1~-~—--, ete. Any disturbance of the gover- 
nor, accidental or otherwise, as through want of care, increased 
friction, wear, ete., will alter this ideal condition so that a ? load, 
for instance, may be represented by the series 111 — 11 — 111-11, 
etc. But such variation at once unfavorably affects the regula- 
tion.* These accidental conditions are not under the control of 
the designer, and not always under the control of the operator, 
and the net result is that hit-and-miss regulation, though econom- 
ical, is somewhat unreliable and certainly not as close as that ob- 
tained by some of the other methods, unless a very heavy 
fly-wheel is employed. 

Hit-and-miss governing is therefore little employed where 
close regulation is essential, as for electric current generation. 
For ordinary commercial power operation, where the regulation 
need not be closer than say 3 to 5 per cent., the system is quite 
satisfactory, although it is being slowly replaced even in this field. 
It should be remembered in this connection that, if the engine is 
belt-connected to the power consumer, the flexible connection will 
tend to equalize the speed variations to a certain extent. 


II. Governing by Varying the Ratio of Fuel to Air: Quality 
Governing 
In this system the governor is usually made to act upon the 
fuel admission valve, so that as the load on the engine decreases. 
* See Mollier, Zeitschrift d. V. d. Ingenieure, 1903, p. 1704. 
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the engine receives less and less fuel in the same total charge 
volume. This of course decreases the area of the indicator card 
developed to suit the load. Instead of acting upon the fuel valve, 
this method of governing has also been carried out by sucking 
back a certain amount of the exhaust gases, thus also decreasing 
the heat content of the charge. Another way is to regulate the 
air admission valve, making the fuel valve automatic. All things 
considered, however, the first mentioned method is the best. 
Considered from a thermal standpoint this system has the 
advantage that, since the total charge volume remains practically 
the same for all loads, the compression pressure remains constant 
throughout. The cards obtained will therefore be somewhat as 





Fig, 14-1. 


shown in Fig. 14-1, in which the full line represents the full load 
diagram. It therefore should follow on theoretical grounds that 
the thermal efficiency of the cylinder should be about the same 
for all loads. In practice, however, it has been clearly shown 
that this system is inferior at low loads to the next one to be de- 
scribed. In fact, the fuel consumption per horse-power usually 
increases very rapidly as the load drops. The reason is that, as 
the fuel-ratio is decreased, the mixture rapidly becomes difficult 
to ignite and, above all, slow burning. This necessarily increases 
the heat loss to the jackets and the ignition difficulty may go as 
far as to prevent ignition altogether, causing a direct loss of fuel. 
In most cases after-burning is clearly recognizable by the slow 
dropping of the expansion line. Designers have tried to over- 
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come this difficulty by placing the time of ignition also under 
control, making it earlier as the load decreases. The scheme, 
however, does not appear to have been very successful. 

As a method of governing, this system is capable of giving 
close regulation with the proper weight of fly-wheel. The very 
fact, however, that the compression pressure does not drop in 
proportion to the maximum pressure introduces a disturbing 
factor into the crank effort diagram which would tend to make 
the regulation under this system less close at low loads than under 
System III. 


III. Governing by Varying the Quantity of Charge of Constant 
Composition to suit the Load: Quantity Governing 


Governing by changing the quantity of charge to suit the load 
may-be carried out in three ways: 

(a) The engine draws a charge full stroke each time, but a 
part of the charge, depending upon the load, is forced back into 
the suction passages, the inlet valve being under governing con- 
trol. 

(b) The incoming charge is completely cut off by the gover- 
nor at the proper time, the charge expanding behind the piston 
for the rest of the stroke. This is known as the cut-off method. 

(c) The charge is throttled down throughout the entire suc- 
tion stroke, the governor determining the position of the inlet 
valves. This is called the throttling method. 


Fig. 14-2. 


Figs. 14-2 and 14-3 show the differences in the diagrams ob- | 
tained under conditions (b) and (c) outlined above, 
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Quantity governing in general is, on thermal grounds, open to 

the objection that the compression pressure decreases with the 
load, and hence the cylinder efficiency constantly decreases. On _ 
the other hand, the mixtures remain readily ignitable down to the 
friction load, with the result that quantity governing is on the 
whole more economical than quality governing. The fact, too, 
that the compression pressure decreases with the maximum pres- 
sure has a favorable influence upon the crank-effort diagram, ad- 
mitting of close regulation. 
-- As between methods (b) and (c), the former is slightly better 
because less work is lost in the lower loop. Everything consid- 
ered, where close regulation is essential, the cut-off method of 
quantity governing is the best. 





Fig. 14-3. 


Regarding the economy of the cut-off method as compared 
with the hit-and-miss method of governing, HE. Meyer* finds that 
down to about 4 load the two systems are about ona par. Below 
this load the efficiency of the cut-off as compared with the hit- 
and-miss method rapidly falls off. 


IV. Combination Systems 


It has been attempted to perfect quantity regulation by chang- 
ing the compression space so as to keep the compression pressure 
the same at all loads. Thermally this is a step in the right direc- 
tion, but no successful machine operating upon this system has 
yet appeared. 

Another combination system is that of Letombe, which is in 
successful use. Letombe regulates by lengthening the time of 

* Zeitschrift d. V. d. Ingenieure, April 25, 1903. 
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opening of the inlet valve but decreasing the lift of the gas valve 
as the load decreases, As far as the fuel is concerned, this is 
quantity regulation, but the longer time of opening of the inlet 
valve increases the total charge volume, which means that the 
leaner mixtures will be more highly compressed than those for 
higher loads. This is thermally correct. Another point is that 
the richer mixtures at the higher loads, although less highly com- 
pressed, are less in total volume than the heavier mixtures Hence 
as the load increases the ratio of expansion increases as compared 





Fre 14-4. 


to the ratio of compression, which tends to draw down the ter- 
minal pressure at the end of expansion and decreases the exhaust 
loss. The resulting diagrams are shown in Fig. 14-4, given by 
Giildner. The compression line a—b belongs to the full load card, 
line c-d to the minimum load ecard. The latter card shows suc- 
tion full stroke and a compression pressure of about 190 pounds, 
the former shows a suction volume equivalent to about 55 per 
cent stroke and a compression pressure of about 115 pounds. 
In spite of the thermally excellent features, which gives good 
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regulation, the economy regarding fuel is no greater than that 
obtained by a purely cut-off system. 

Other combination systems that have been employed are 
quantity regulation at high loads combined with quality regula- 
tion at low loads or vice versa. This is done in some German 
engines. ‘To compensate for the slow burning of the leaner mix- 
tures the spark is advanced. Lastly, engines that govern either 
by quantity or quality regulation at the higher loads have been 
governed by the hit-and-miss method at very low loads. This is 
done in the American-Crossley engines and also by Letombe in 
the system above described. 


V. Governing by Varying the Time of Ignition 


Strictly speaking, the time of ignition should be adjusted to 
suit the kind of charge. That means, for instance, that in qual- 
ity regulation the spark should be advanced with a decrease of 
load. It has already been mentioned that this has been tried 
both by governor control or by hand regulation. The former is 
rather difficult because proper ignitionis subject to so many 
accidental variations, but hand control is quite practicable and 
all stationary engines should therefore be furnished with ad jus- 
table spark gear. 

Automobile engines are generally governed by hand regula- 
tion of the throttle in combination with the spark. 


Governing of Two-Cycle Engines 


Small two-cycle engines are usually governed by throttling 
either the fuel or the charge. In the first case this results in what 
is practically quality regulation, in the second in quantity regu- 
lation, Liquid fuel engines of this type nearly always govern 
by adjusting the stroke of the pump to suit the load, resulting in 
quality regulation. In the larger machines, which are nearly al- 
ways served by separate pumps, it is absolutely essential that 
the cylinder be thoroughly scavenged. Hence it is usual to first 
admit air alone directly from the pump or an intermediate 
receiver, and a little later the fuel or the mixture as the case 
may be, the point of admission of the latter being under gov- 
ernor control. The governor may act either on the inlet valve 
or directly on the pump. It should be noted that if reservoirs 
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are used between pump and engine, there is likely to be a lag of 
several strokes between the action of the governor and its effect 
on the engine. For more detailed information on the governing 
of large two-cycle engines, see the descriptions at the end of this 
chapter. 

2. Mechanical Details of Governors. — For hit-and-miss 
governing, inertia governors of the so-called pendulum type are 
extensively used. Besides this, centrifugal governors of the fly- 
ball type also find application. For the “precision” systems 
of regulation, 7.e., quantity and quality regulation, centrifugal 
governors of the fly-ball type are mostly used; shaft governors 
either of the centrifugal or inertia type are, however, lately finding 
application. 

(a) PENDULUM OR INERTIA GOVERNORS 
FoR Hir-anp-Miss RecuLtatTion. — The 
simplest form of this governor is shown in 
Fig. 14-5. The rod a-b carries the ball weight 
c, and receives an up-and-down motion 
usually from the lay shaft as shown by 
the arrows. As the rod moves down, the 
‘weight strikes the projection d, and the 
/ pendulum is thrown to the right as shown 
by the dotted position. If the speed is right, 
the pendulum will have gone back to its 
normal position by the time the point b 
reaches the end of the valve stem e, and 
the gas or inlet valve will be opened. If 
e the speed is above the normal, a—b will not 
be back in its normal position, and 6 will 
miss the valve stem e, causing a miss- 
stroke, 

A modification of this, the bell-crank pendulum, is shown in 
Vig. 14-6. The action of this governor is clear from the previous 
description. 

The disadvantage of these two forms may be said to be that 
they are thrown a considerable distance out of their normal posi- 
tion. This is overcome in what may be called spring-loaded . 
pendulum governors, the fundamental type of which is shown in 
Fig. 14-7. As the bell crank a 6 ¢ moves downward, the inertia 
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Fig. 14-5. 
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of the weight, c, throws the governor into the dotted position. 
If by the time the stem of the valve, e, is reached, the spring has 
failed to pull the governér back into its normal position, the valve 
will not be opened, causing a miss-stroke. 





Fig. 14-6. 








Fia. 14-8. 


Fig. 14-8 shows the simplest kind of inertia governor for a 
horizontal valve stem. This may be used with or without the 
spring. Its action is sufficiently plain. 

There are many modifications of these fundamental types.* 


* See Giildner, Entwerfen & Berechnen der Verbrennungsmotoren, p. 354. 
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These will readily suggest themselves to suit any particular case. 
The following are some examples from actual practice. 

Fig. 14-9 shows a modification of the vertical pick blade goy- 
ernor that has been used on Crossley engines.* The lever, a, is 





Fia. 14-9. 


actuated by the cam, and as long as the speed is normal the spiral 
spring on one arm of the bell crank is strong enough to make the 
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weight, b, attain its normal position in the time available. The 
blade, c, then opens the gas valve. If the speed rises above nor- 
mal, the inertia of the weight, b, throws it down so far that it can- 
" not reach its normal position in time and c misses the valve stem, 


* Gildner, Entwerfen & Berechnen der Verbrennungsmotoren. 
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The governor on the Springfield engine, Fig. 14-10, is quite 
similar to the above, except that the blade acts horizontally.* 
In this case the bell crank is carried by the slide, A, which is ac- 
tuated from S. For normal speed the blade, P, is horizontal, and 
in this position hits the stem of the gas valve. For excessive 
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speed, the spiral spring fails to bring the weight W back into 
normal position in time and P misses the gas valve. 

An English design of hit-and-miss governor not quite so simple 
is shown in Fig. 14-11. Here the inlet valve stem, 1, carries the 
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Fig. 14-12. 


bracket, 2... To this is pivoted a blade, 4, at 3. For normal speed 
of the engine, the spring, 5, gently presses the inclined surface, 6, 
against the stationary roller, 7. In this position the blade, 4, 
will hit the lever, 8, thus opening the gas valve, 9. Should the 


* Power Quarterly, Oct. 15, 1900. 
{ Clerk, Gas and Oil Engines. 
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speed, however, rise above normal, the upward throw given to 
the blade due to the inclined surface, 6, sliding against the roller, 
7, becomes excessive, and blade 4 fails to assume its normal posi- 
tion by the time-the lever 8 is reached. The gas valve then fails 
to open. 

An ingenious modification of the above types of hit-and-miss 
governors used by Delamare* is shown in Fig. 14-12. The stem 
of the inlet slide valve 
carries a small cylinder, 
a, into which is fitted a 
stationary piston, }, air- 
tight. The needle valve, 
c, serves to adjust the 
velocity of air escape 
from behind the piston, 
b. With the cylinder, a, 
in theextreme right-hand 
position, air is admitted 
behind 6 through the 
groove, d. As a travels 
to the left at the proper 
speed, the air is com- 
pressed, but it escapes 
through the needle valve, 
c, just fast enough to 
prevent its pushing out- 
ward the plunger, 7, in 
the branch cylinder, e, 
against the spring. In 
this position the blade, g, 
hits the gas valve stem, h. For an excess in engine speed, cyl- 
inder a travels to the left so fast that the air cannot escape at 
the proper rate, the pressure generated forces the plunger, 7, out- 
ward, and g misses the valve stem as shown in the dotted position. 

(0) Cunrrirugan Governors ror Hrr-anp-Miss Recuna- 
TION. — A hit-and-miss governor of this type is used in the 
French engine shown in Fig. 14-13.; The centrifugal governor 


* Schéttler, Die Gasmaschine. 
{ Power Quarterly, Oct. 15, 1900. 
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in the fly-wheel, when the speed becomes too high, actuates the 
latching arrangement t-k and throws the oil pump serving to 
charge the vaporizer temporarily out of action. 
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Fig. 14-15. 


The Robey governor,* Fig.14—14, is of the fly-ball type; normally 
the roller, a, under the control of the governor travels on the cam, 
b, thus opening the gas valve at the proper time. Under excessive 


* Schéttler, Die Gasmaschine. 
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speed, however, the roller is shoved to the left on its spindle by 
the governor linkage, and misses the cam. 

The Campbell oil engine has a fly-ball governor which operates 
to keep the exhaust valve open when the speed exceeds the nor- 
mal, Figs. 14-15 and 14-16.* The rising of the governor weights, 
Fig. 14-16, depresses the end, O, of the lever, NV, thus interposing 
the plate, P, Fig. 14-15, between the end of the exhaust lever, M, 
and the stationary bracket, Q. This prevents the exhaust valve 
from closing until the dropping of the speed causes the governor 





Fig. 14-16. 


to withdraw the plate, P, when the exhaust valve is again regu- 
larly opened by the sliding piece, K. 

A shaft governor acting to hold the exhaust valve open is 
used on the Perkins engine, Fig. 14-17. The exhaust valve is 
operated by the lever R, which in turn is actuated by the block 
A, striking the end block, B, of the rod, C. As the speed ex- 
ceeds the normal, the governor weights move toward the cireum- 
ference of the wheel, and, through suitable linkage, throw the 
latch, P, into a recess in the side of the block, B. This prevents 
the rod, C, from returning, and keeps the exhaust valve open. 


* Clerk, the Oil and Gas Engine. 
{ Power Quarterly, Oct. 15, 1900. 
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(c) QuaLiry REGULATION. —The quality method of regulation, 
as carried out for gas fuel, is best exemplified in the Nurnberg en- 
gine. This engine has. separate gas and inlet valves. At all 
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loads the inlet valve opens and closes at the same time, thus ad- 
mitting a constant charge of volume. But the gas valve, under 
governor control, opens later as the load drops, and closes about 
the same time as the main inlet valve. Thus the composition or 
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quality of the mixture changes with every load. A certain dis- 
advantage of this method of proportioning the charge is that the 
mixture is not only affected by the relative time of opening of 
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the gas and inlet valves, but also by the relative velocities of the 
gas and aircurrents. Thus at low loads, when the gas valve opens, 
the gas column has to start from rest, while the air column 
already has its maximum velocity. The time needed for the accel- 
eration of the gas column is practically constant, hence this factor 
affects the mixture differently for every load. Another point 
is that unless the gas valve closes quickly there is apt to be so 
much throttling of gas as to make the mixture drawn in at the 
end for low loads incombustible. This is especially bad since 
this mixture is apt to be located around the igniter. 

The governor used on the Niirnberg engine is of the ordinary 
fly-ball type. The trip gear for the gas valve is shown in Fig. 
14-18.* The governor determines the position of the bell-crank 





Fig. 14-19. 


lever e-g, and through this the position of the wiper cam lever d. 
The eccentric rod, b, through the latch 6,, lifts the gas valve by 
depressing the valve lever, a. The position of d determines the 
time of opening. The valve is closed practically instantaneously 
by the coil spring shown in the top of the housing as soon as the 
small roller, c, has released the latch b,. The dash pot, f, serves 
to dampen the drop of the valve, making it close without shock. 

Many oil engines are governed by what is practically quality 
regulation. Thus the Hornsby-Akroyd oil engine, Fig. 14-19,+ 
takes a full charge of air every stroke, but the quantity of oil is 


* Power, Feb., 1906. 
+ Gildner, Verbrennungsmotoren, p. 119. 
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changed to suit the load. The quality of the mixture therefore 
changes for every different load. The proportioning of the oil 
supply to the load is aecomplished as follows. The oil pump 
supplies a constant quantity of oil every stroke to the vaporizer 
valve,c. This valve, however, is a two-way valve, one exit open- 
ing through an atomizing nozzle into the vaporizing chamber, 
while the other allows some of the oil to flow back into the oil 
tank. The fly-ball governor, through the linkage shown, controls 
the size of this overflow opening, c’, and thus determines the 
amount of oil which enters the vaporizer chamber. 
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The governing mechanism of a small Diesel oil engine is shown 
in Fig. 14-20.* The pump plunger, a, is actuated by the lay shaft, 
h. The suction valve is shown at c and the automatic discharge 
valve at 6. The oil under pressure flows through b to the atomiz- 
ing nozzle. The amount of oil required for the load on the engine 
at any given time is measured by controlling the time of closing 
of the suction valve, c, forcing more or less of the oil back into the 


* Giildner, Verbrennungsmotoren, p. 379. 
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oil supply tank. The motion of valve ¢ is controlled through 
linkage not shown, by the governor lever e. At g this lever re- 
celves an up-and-down motion from the lay shaft, but the manner 
in which this motion is transmitted to the suction valve depends 
upon the position of the fulcrum, /, which is determined by the 
governor, thus varying the time of closing of the valve. 

(2d) Quantity Reeutation. — Koerting Bros. govern their four- 
cycle engine as follows, Fig. 14-21*: Air enters through the pipe, 
D, and gas through B. The two are mixed in the proportion 
suited to the particular gas by the mixing valve A. This valve 
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when once adjusted therefore furnishes a mixture of constant qual- 
ity. To suit the quantity of this mixture to the load, the gover- 
nor controls the position of the throttle valve e in the passage 
leading from the mixing valve to the inlet valve. This valvethus 
throttles the charge during the entire suction stroke. 

A very similar arrangement is used in the Westinghouse en- 
gine, Fig. 14-22.+ A is the throttle valve controlling the entrance 
of the mixture to the cylinder. Its position depends upon the 


* Schéttler, Die Gasmaschine. 
7 L. S. Marks, Instruction Paper on Gas and Oil Engines. 


REGULATION OF GAS ENGINES 461 


action of the fly-ball governor, B. Gas enters the interior of this 
valve through ports G and air through ports D. The relative 
proportions of these ports are fixed by slides H—H, so that the 
proper relation of air to gas for the fuel used can be established and 
maintained. 
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Fig. 14-23 shows the arrangements for operating and control- 
ling the mixing valve in the Ehrhardt and Sehmer engine, which 
is a modification of the Deytz engine.* It will be readily seen, by 
a study of the figure, that the governor, through its linkage, con- 
trols the position of the fulerum, about which the valve lever 
turns. The farther this fulcrum moves to theright, the greater will 
be the opening of the inlet-valve and the greater, consequently, 
also, the amount of mixture, proportioned in passing the valve, 
admitted to the cylinder. 

Tt will be noted that all of the above examples of quantity 
governing throttle the mixture throughout the suction stroke. It 
was pointed out, in the discussion on various systems of govern- 
ing, that the system employing quantity regulation with cut-off 
was superior to that which throttles the charge throughout the 
stroke, and it seems surprising, therefore, that this system is not 
in more extended use. There is to the writer’s knowledge only 


* K. Reinhardt, Bi-monthly Bulletin of the Am. Inst. of Mining Engineers, 
November, 1906, p. 1092. 
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one engine in this country employing the cut-off system, the Sar- 
gent complete expansion engine. This engine employs a Rites 
inertia governor which acts upon the lay shaft driving gear which 
is loose on the crank shaft. As the load increases or decreases, 
the governor retards or advances this gear relative to the crank 
shaft, thus affecting all of the valve events depending upon the 
lay shaft at the same time. Since near the end of the stroke, 
however, the piston velocity is comparatively small, a relatively 
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Vie. 14-23, 


large advance or retardation of the gear will not affect the 
exhaust events or the beginning of the suction stroke very 
much. But the cut-off occurs along the suction line some- 
where near the time when the piston has its maximum velocity, 
and hence a relatively small advance or retardation of the gear 
is sufficient to change the cut-off materially and hence to 
control the speed. 

(¢) CoMBINATION QUANTITY AND Quauity REeGuLATION. — 
The purpose of these combination systems has already been 
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pointed out. Fig. 14-24 shows the method as carried out by 
Reichenbach.* The governor, through the rod, c, controls the 
position of the bell ‘cfank lever, d. This lever has two 
slotted arms, a and b. The former, by rod and lever, reg- 
ulates the position of the mixing valve, while the latter, 
by a similar arrangement, controls the position of the throttle 
valve. Suppose now that the sliding blocks a and 6 are in 
the position shown in the figure. Under these circum- 
stances, the movement of the throttle valve is insignificant 
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because b is so close to the center. Hence in this position the 
engine is practically governed by quality regulation: If the posi- 
tions of a and b were reversed, that is, b at the outer end of its slot 
and a at the inner end, there would be practically quantity regu- 
lation. In actual operation the positions of a and b in their re- 
spective slots are determined by trial and depend upon the gas 
used. The final adjustment is such that for the upper ranges of 
load the quality of the mixture is changed, while for the lower 
loads the throttle valve comes into action while the mixture is 


* Power, July, 1906. 
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held at practically constant composition. In addition to this, 
Reichenbach also puts the point of ignition under governor con- 
trol, advancing it as the load drops. 

Reinhardt’s method of governing does not come strictly under 
any of the heads so far discussed. The inlet valve is shown in 
Fig. 14-25.* The valve opens and closes with the beginning and 
end of the suction stroke. Above the valve there are arranged 
a series of ports, I for gas and II and III for air. The flow of gas 
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or air from these ports into the valve chamber proper is controlled 
by a slide guided by the valve spindle. At the beginning of the 
suction stroke the slide only frees the ports from chamber III, 
and hence only air is admitted. At some point in the stroke, how- 
ever, as determined by the governor, the slide is suddenly released 
and forced down by springs. This closes ports IIT and opens gas_ 
ports I and air ports II. Mixture of the proper proportion then 


* Reinhardt, Bi-monthly Bulletin, Am. Inst. Mining Engs., Nov., 1906. 
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enters the cylinder until the end of the suction stroke. As far as 
the admission of a varying quantity of constant mixture is con- 
cerned, this system is pute quantity regulation; but since the 
amount of air drawn from III increases as the load decreases, the 
mixture in the cylinder as a whole grows leaner as the load drops. 
It is claimed, however, that combustion is good even under fric- 
tion load, because although the amount of constant mixture drawn 
in is small, more or less stratification of the charge ensures the 
presence of a fairly rich mixture around the igniter. The system 
has the advantage over pure quantity regulation in that the com- 
pression pressure remains practically unchanged. 

In general principle the above method of Reinhardt seems to 
be a modification of the method of Mees patented in 1901. 








Fie. 14-26. 


Letombe, recognizing the serious effect on thermal efficiency 
of the decrease in compression which accompanies pure quantity 
regulation, goes one step further and so arranges the valves that 
the lean mixtures under low loads are more strongly compressed 
than the rich mixtures at the higher loads. This is thermally an 
important step in the right direction. In Fig. 14-26,* a is the 
main inlet valve operated at a constant lift by the cam, d, through 
the lever, e. Ahead of this inlet valve are the air valve, b, and the 
gas valve, c.. Valve b is operated through the lever, g, by the 
cam, 7. Gas valve ¢ opens only when pushed up by b. Cam } 
is shown in greater detail at the left. It has a number of eleva- 
tions, each of which consists of two steps of different lengths, as 
shown at 1,2, and 3. At full load the roller on the lever, g, mounts 


* Schéttler, Die Gasmaschine. 
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the higher step of elevation, 1, opening both b and ¢ wide, and the 
mixture, of constant proportion, enters the cylinder through a, 
which has been opened at the same time. After awhile the roller 
drops to the lower step of elevation, 1, air valve, b, closes partly, 
closing gas valve, c, completely. Only air is then drawn into the 
cylinder until the roller, g, drops off the cam altogether. Now 
suppose that the load drops. The governor then pulls over the 
roller, g, until it comes in line with elevation 2 or 3, as the case 
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Fig. 14-27. 


may be. The time of opening of the gas valve, c, is then short- 
ened, because the higher step of the elevation is shorter; but the 
time of admission of air alone to the cylinder is lengthened, be- 
cause the lower step of the cam is longer than it was before. 
Hence, although the mixture is leaner, the total charge volume is 
greater than at full load, and the leaner mixtures therefore receive. 
a higher compression. Theoretically, this should give increased 
thermal efficiencies at low loads as compared with other systems 
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of regulation. In practice, however, for reasons not explained, 
there does not seem to be much difference. 

({) GOVERNING oF Two-CYcLE ENeines. — Fig. 14-27 shows a 
type of two-cycle engine, the Lozier,* much used for small motor 
boat work. As in all machines of this kind, the mixture is formed 
and compressed in the crank-case, and flows from here through a 
communicating passage into the cylinder, as shown by the arrows. 
Speed is controlled simply by the throttle valve in the passage, 
thus controlling the amount of mixture entering the cylinder. 
This is a very simple case, because the load on the engine is prac- 
tically constant. 

In the new Buckeye two-cycle engine, which, as far as size is 
concerned, is intermediate between the small two-cycle gasoline 
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engine and the very large two-cycle blast furnace gas engines of the 
Koerting or Oechelhauser type, the forward end of the cylinder ig 
used as a mixture pump. Regulation is effected by means of the 
balanced throttle valve 60, Fig. 14—28,+ which, under the control of 
the fly-ball governor, regulates both the suction to the pump and 
the delivery from the pump to the combustion chamber. Thus 
this engine governs by varying the quantity of the mixture; but 
since the cylinder is always thoroughly scavenged by fresh ely, 
the mixture will naturally grow leaner as the load drops, while 
the compression pressure remains practically the same. 

The governing details of the Oechelhiuser two-cycle machine 
vary somewhat, depending upon the firm building them. Fig. . 


* Power Quarterly, Oct. 15, 1900. 
t Power, Sept., 1906. 
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14-29* shows the scheme adopted by Borsig. It may be remem- 
bered that in this machine air and mixture enter the cylinder 
through separate rings of ports in the side of the cylinder, as soon 
as the piston uncovers them. The air ports are uncovered first 
to admit the scavenging air, the mixture ports a little later. Hach 
ring of ports is surrounded by a receiver into which the air and 
gas pumps deliver their charges under some compression. It is 
evident that, since the time taken by the piston to uncover and 
cover the gas and air ports is practically constant, the amount of 
mixture that can enter the cylinder during a given time must de- 
pend upon the pressure in these receivers, and upon the port area. 











Fig. 14-29. 


The governor, therefore, is made to act upon the gas and air pumps 
to control the pressure in the receivers. Further, as the load de- 
creases and approaches the friction load, the amount of mixture 
entering becomes so small as compared with the amount of air in 
the cylinder that ignition is likely to become difficult. For this 
reason the mixture ports are surrounded by a slide under governor 
control, as shown at A, Fig. 14-29, which is operated in such a 
way that as the load decreases the ports opposite the igniter are 
gradually closed first, thus insuring a comparatively rich mixture 
around the igniter at all times. 

The method of governing the Koerting two-cycle engine also 


* Riedler, Gross-Gasmaschinen, p. 67. 
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differs somewhat, depending upon the manufacturing firm. In 
all designs there are a gas and an air pump, of which the air pump 
delivers its charge into the cylinder from the commencement of 
its discharging stroke in order to scavenge out the cylinder. The 
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Fig. 14-30. 


gas pump runs idle for a part of its discharge stroke, generally 
shoving the gas back into the suction main, until, at a point de- 
termined by the governor, the overflow valve closes, and the gas 
pump delivers the rest of its charge into the cylinder through a 











Fig, 14-31. 


valve on top. Fig. 14~30* shows the pump construction used by 
the Gutehoffungshitte. Both the gas and air pumps are con- 
trolled by piston valves operated by rocker arms and eccentrics. 


* F. E. Junge in Power, Nov., 1906. 
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Situated below the piston valve of the gas pump there are two 
auxiliary piston valves, h and 7, which are under the control of 
the governor. Depending on the load.on the engine, the gover- 
nor, through linkage shown in Fig. 14-31, and of which lever k, 
Fig. 14-30, is a part, rotates these auxiliary valves about their 
axis, thus controlling the time when the gas pump commences to 
deliver its charge to the power cylinder. 


CHAPTER XV 


THE ESTIMATION OF POWER OF GAS ENGINES 


Ir is intended in this chapter to point out the various methods 
in use by which the power that a given engine may be expected 
to develop can be computed, or, what amounts to the same 
thing, to determine the cylinder dimensions for any given power. 

In steam engine practice this is a comparatively simple matter. 
It is necessary merely to lay down an ideal indicator card along 
well-defined lines, and then, by the use of card factors closely 
fixed by long practical experience, to determine the probable 
mean effective pressure in the cylinder or cylinders. 

Although this method is by some writers advocated also for 
the gas engine, the determination of the card factor for gas engines 
is based upon so many component factors, which in turn depend 
altogether upon the judgment of the designer, that the result is 
anything but certain. The difficulties attaching to this method 
are pointed out in greater detail below. 

Before describing the various methods of computing cylinder 
dimensions it is well to examine briefly into the allowable piston 
speed. The limit of piston speed of course depends directly upon 
the time of explosion, and this in turn depends upon the kind of 
mixture and to a certain extent upon the method of ignition. As 
far as modern practice goes the upper limit to-day seems to be at 
about 800 feet per minute. A certain formula, empirical as far 
as the writer is aware, makes the piston speed depend upon the 
horse-power of the engine, stating that 


piston speed = (660 + 6 VB. H. p.,,) ft. per min. (1) 
in which B. H. P., is the normal brake horse-power. 
A similar empirical formula for the revolutions per minute 
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. . nn 
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For stationary and especially low-compression engines the values 
of equations (1) and (2) should not be exceeded. For automobile 
and other high-speed work the revolutions may be increased up 
to 1.35 times the value computed from equation (2). 

I. The First Method of Horse-power Computation is more or 
less empirical in that it depends either upon the outright assump- 
tion of the mean effective pressure, or upon the computation of 
this factor from empirical or semi-empirical formule. Thus 
Grover bases the determination of the M. E. P. upon the com- 
pression pressure, making 


ME. Ps = 20 01 ¢ (3) 


where C = the pressure of compression in pounds above atmos- 
phere. This formula is derived from an examination of a large 
number of indicator diagrams, but leaves out of consideration 
the kind of fuel or the quality of the mixture. Further, the 
formula gives the maximum result when the compression pressure 
is 100 pounds by gage. Beyond this the M. E. P. drops. The 
results can therefore be only very approximate. 

S. A. Moss, in an article entitled “Rational Methods of Gas 
Engine Powering,’ in Power, July, 1906, goes further than 
Grover and, in fixing upon the probable M. E. P., takes into ac- 
count the size of engine as well as the kind of fuel. The cooling 
loss is relatively less in large than in small engines, hence the 
M. E. P. may be expected to increase somewhat with the size of 
the engine everything else remaining the same. The kind of 
fuel has an influence upon the power developed in any given 
cylinder due to the* fact that the best air-fuel ratios, 7.e., mix- 
tures, of the different fuels have a different heat content per 
cubic foot. Some of the mixtures are poorer, some richer than 
the average, as computed in Chapter X. Presupposing equal 
completeness of combustion, the richer mixtures yield the higher 
mean pressures, and hence the greater power. The following 
table shows the probable M. E. P., as computed by Moss. Only 
four-cycle engines are considered and the fuel is assumed to be 
average natural gas or illuminating gas (average heat content 
87 B. T. U. per cu. ft. of mixture). 
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Taste I.— Vaturs or Mean Errective PRESSURE FOR Gas ENGINES 

















a zs Mitane ErrectivE Pressures, Lgs. per Sq. INcH. 
cE | £8 
g.8 0a Approximate Brake Horse-Power of Engine 
aid | 2° 
Bod 38 5 or 
ESS eo as Ness 10 25 50 100 200 500 
oO Au ‘ 
50 40 60 65 70 75 
60 35 65 70 75 80 
70 30 70 75 80 85 85 90 95 
80 28 70 75 85 90 90 95 100 
90 26 90 95 95 100 105 
100 24 95 95 100 100 110 
110 22 95 95 100 100 110 
120 20 100 100 110 





























If some other kind of fuel than the two above specified is 
used, the M. E. P. of Table I should be multiplied by the proper 
factor from Table II following: 

Tasie II. — Ratios or Heat or ComBustion PER Cusic Foor or PERFECT 


Mixture, To VALUE ror AverAGE NatruraL Gas oR MANUFACTURED 
Intuminatine Gas (87). 


ee ee Te ee in Kod Beda ha te RL 1.00 
WVaicrtaae (oncatluarcted)\. erg. 6050.) cco waiah pee odin kone. ee 1.00 
ee IRR eRe Sn cit Ae Popes On ey es coe od etre oy 93 
air Gas (Siemens Producer Gas) #0.) oe. eo cv oe 79 
Carbureted Water Gas ....... Foam aE: Greece atten ee te ee 1.05 
WEY HOC IRE: ER ROMCOP AIS GS Fer aid ania an alt sheen eT om Oe .80 
Be mremamae E COD een GAS we cncg h ss iat Ae oe, Oh ee 87 
Blasheurnace Gas tone beset en. 8 aaa ee ee een eetsd ee .67 
URES Ee RE We a er A pita yee Mig os nc Ps ed he 1.28 
Gasoline (liquid, vapor, or vaporized and mixed with DID) tata te 2 


Kerosene (vaporized alone or mixed with air), and entering cylinder 90 

BROOM ee dete cya) Seca PN AR Pe KN heaia ccs ovec ecw 90 
Eaylor Producer Gas (85D. Wood C0.) ceca ne cc iecevancac scl... 3 

That the maximum compression pressure allowable differs 
for every fuel has already been pointed out in Chapter IV, where 
a table giving the compression pressures ordinarily employed 
will be found. 

Having thus determined the probable M. E. P., the indicated 
horse-power developed at normal load by any given engine may 
then be computed from the formula 


_ (M.E.P.) lan 
Le 33000 





(4) 
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where J = stroke in ft. 
a = piston area in square inch. 

; : rp. . 
and n = no. of explosions per minute = about ~~ ) ina 
four-cycle machine at full load. 

It will generally be found that at full load the number of 
r.p.m. 
2 
or that in a machine governed by any of the precision methods 
the card given at full load is not quite the maximum card obtain- 
able. This is done in both cases to give the engine some over- 
load capacity, say from 10 to 20 per cent. Assuming an average 

overload capacity of say 15 per cent, we then have the 


gates 
hee Tice (5) 





explosions in a hit-and-miss engine is not quite equal to 


where I. H. P., = normal or full load I. H. P., and 
I. H. P.,, = maximum I. H. P. obtainable. 


Now at full load the mechanical efficiency of an average engine’ 
may be assumed to be 80 per cent, so that the normal brake 
horse-power will be 


Eom 
iis 


or LHP. =144B.H.P., (7) 


Btls bia Olli ie LH. Pig 3695-1. Pe (G) 


In the case of an engine to be constructed, B. H. P.,, is usually 
specified, hence I. H. P.,, can be found from equation (6). Sub- 
stituting this in equation (4) leaves as the unknown factors in 
this equation the factors J, a, and n. The latter depends upon 
the revolutions, which may also be specified or determined from 
equation (2). This leaves only J and a to be determined. 

It is next necessary to find some relation between cylinder 
diameter and stroke. An examination of existing engines shows 
that practice in this regard is pretty well settled. High-speed 

stroke 
diameter 
engines the ratio varies from about 1.2 to 1.6, and large 
machines vary between 1.5 and 2.0. 


engines show a ratio of =1.1to 1.3. In medium speed | 
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To determine the cylinder dimensions, let d be the diameter 
of the cylinder in feet and let 
= 20, (8) 
Then equation (4) may be rewritten for maximum power, 


Lup, = QLE-P.) x ad X75 @ x 144 X 


33000 
_ QLE.P.)rdn 
pat 500 9) 
From this the cylinder diameter is 
ee 
— _/300 LHP 5 (10) 


— Y QLEP.)an 

ExamMp_es. — 1. To show the method of using these equa- 
tions, suppose it is desired to determine the required cylinder 
dimensions for a 100 B. H. P., four-cycle throttling engine, using 


anthracite producer gas. 
From equation (2), the number of revolutions should be about 
1200 
p.m. = 65 + == = 1189 
ene + 7100 


From the table of Chapter IV, a compression pressure of 120 
pounds by gage is about normal for the fuel used. From Tables 
J and II we should expect amean effective pressure for this case of 


M. E. P. = 100 X .80 = 80 pounds. 
From equation (7), I. H. P.,, = 1.44 B. H. P.,, = 1.44 X 100 = 144 


The engine being of the throttling type, 


and xz may be assumed equal to 1.6. 
Substituting these values in equation (10), we finally have 


3 
2 300 & 144 8s 
diane y/ OXI 65 = 1.54 ft. 
anes 30x 16x 925 Yo 
= Appr. 184” 


Stroke = 1.6 X 18.5” = app. 29%” 
and r.p.m. 185 
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2. A four-cycle gasoline engine has a cylinder diameter of 
6”, a stroke of 8}”, and the number of revolutions is 250 per 
minute. It is governed by hit and miss. What is its probable 
brake horse-power at normal load? 

The M. E. P. at normal I. H. P. from Tables I and II is about 


1.12 X 75 = 84 pounds 


assuming that the compression pressure is about 70 pounds by 
gage. For the maximum indicated horse-power, the number of 


JD eWay 2 OU) 
explosions n may be assumed to be equal to ee Res 125. 


Substituting in equation (4) 
84x ©? x 785 6*x 125 
I. H. P.»=1.15 I. H. P.,= 144B.H.P.,,= 33000 
=6.35 
From which B.HLP),= o8 = appr. 4.4 


II. The Second Method of determining mean effective pres- 
sure follows steam engine practice, and is developed in detail by 
Lucke in his Gas Engine Design. The method consists of draw- 
ing first a standard air reference diagram. From this the mean 
effective pressure is determined by multiplying the mean effective 
pressure of the standard diagram by a card or diagram factor 
depending upon the kind of fuel used and the compression carried. 
Thus fundamentally this method does not differ greatly from 
that of Moss outlined above. 

The standard air reference diagram is obtained by working 
a pound of air, which is assumed to receive as much heat as a 
pound of the proper fuel-air mixture to be used in the real engine 
would contain, through the cycle. 

The following table shows the card factors as determined by 
Lucke from a large number of constructed engines: 
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Kind of Fuel and Method of Use Compeession| 2d Factor 
* by Gage 0 
Kerosene, when previously vaporized ................ 45-75 30-40 
Kerosene, injected on hot bulb, may be as low as .....] ......... 20 
Gasoline, used in carbureter requiring a vacuum, de- 
pending upon the extent of the vacuum © 2.5.5.4) ......... 25-40 
Gasoline, with but little initial vacuum .............. 80-130 | 50-30 
PROUUCE CAS co tara sete a 2 cat Mee ROSES Aap te ci eae RIE 100-160 | 56-40 
Coa CAS ates ery ae Geeta hS eon tah hd a Ay. 80 | Av. 45 
Bish UIMA Ce PAS cep arc dete os ahaa at 130-180 | 48-30 
INO OaSae ache eee EY ene fe, Meare ep eine: 90-140 | 52-40 











Norer. —Card factors for two-cycle engines may be taken as .8 that for 
four-cycle machines. 


The mean effective pressure of the standard air reference 
diagram of course increases continuously with the compression. 
The above table, however, shows that the card factor decreases as 
the compression increases for all fuels except kerosene. This 
accounts for the fact that in Moss’s Table I the M. E. P. does not 
increase beyond certain compressions. The thermal and mechan- 
ical reasons underlying this fact have been explained in Chap. IV. 

The table of card factors shows a large range of variation in 
the different factors and emphasizes the point made by Lucke 
that in determining cylinder sizes a great deal must be left to the 
personal experience and judgment of the designer. 

III. Third Method of Determining Cylinder Dimensions. It 
must be obvious from what has been said that it is not at all 
easy to predict with fair accuracy the mean effective pressure 
an engine may be expected to realize. For that reason a method 
of determining the cylinder dimensions of a proposed engine, or 
the power of an existing engine, without first determining the 
M. E. P., should be welcome. 

The method, developed by Giildner,* is based upon two well- 
known facts: 

1. The power developed by any gas engine depends directly 
upon the volume of the mixture it can handle in unit time. 

2. The power also depends upon the thermal efficiency with 
which the engine can handle this volume of mixture. 

Regarding the first point, the charge volume in unit time 


* Giildner, Entwerfen & Berechnen der Verbrennungsmotoren. 
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involves cylinder diameter, stroke, and number of revolutions. 
Two of these factors can usually be fixed upon, which determines 
the third. The computation of the charge volume for a given 
time involves the assumption of a value for the volumetric eff- 
ciency of the suction stroke. There is now so much experimental 
data regarding this point that no great error can be made. A 
table of volumetric efficiencies H’, for various types of engines is 
given on page 86. 

The same is true of the thermal efficiency and fuel characteris- 
tics. A large number of tests on various types of machines and 
different fuels enable us to-day to forecast with a good degree 
of accuracy what thermal efficiency may be expected from a 
given engine when its approximate power and the kind of fuel 
used are known. 

The following derivation of equations for values of diameter, 
stroke and revolutions per minute is due to Giildner,* as is also 
the appended table. All metric measurements and values have 
been transformed to English units: 


Let B. H. P., or N,, = nominal brake horse-power. 

= RK. P. M: 

piston diameter in feet. 

stroke in feet. 

= .785 dl = piston displacement per stroke 

in cu. ft. 

= H,V, = actual volume of mixture in cu. ft. 
per suction stroke, barometer 28.95”, 
temperature 59 degrees Fahrenheit. 


I 


I 


es 
= 
| 


V : : 
FE, = =~ = volumetric efficiency of suction stroke. 
L 


h 

= the volume of air in cu. ft. required for 
1 cu. ft. of gas fuel, or 1 pound of liquid 
fuel, under most favorable practical con- 
ditions. This is not the theoretical quan- 
tity, but some excess quantity as seems 
best for the particular fuel. 


* The article may be found either in the Zeitschrift des Vereines deut- 
scher Ingenieure, April 26, 1902, or in his book, Entwerfen und Berechnen 
der Verbrennungsmotoren, pp. 213-215. 
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Let B. H. P., or L, =the resulting actual quantity of air in 
cu. ft. for one explosion, for nominal 
horse-power. 

C > = the quantity of fuel used per hour, for 
gases in cu. ft., for liquids in pounds, at 
nominal horse- yore: 

C = the same per horse-power hour. 

C,, = the same per explosion. 

H =the lower heating value of the fuel, for 
gases per cu. ft., for liquids, per pound, 





i Bed Ul 
- Nn X 33000 X 60 2545 N,, ae efficiency at the 
Pa 778 C,H ee brake = economic ¢ efficiency. 


From the above we can derive for four-cycle engines 


N, X 33000 X 60 2545 N, 











oe Wis Te. He (11) 
2 PO IRN. -S4A.S5N 0 

Ch= 60n  60nHe  nHe (12) 
CIS 2545. NL 84.8 Nb 

‘7 30n 30nHe  — nHe (13) 


For two-cycle engines equations (12) and (13) should be 
divided by 2, because there is a charging stroke for every revolu- 
tion. 

ENGINES FOR GAS FUEL 
The actual charge taken in by the engine during one suction 


stroke must be 
V,=¢C,+ L, 


This volume requires a piston displacement of 


Cy tI, 848 N,+ 84.8 NL 





ta a 
(aod Ey nHek, 
84.8 N, (1 + L) : 
ee eee HN Bee 14 
= new cubic feet (14) 


Solving (14) for d, J and n in turn, we have 
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108 N, + L) f 
t 15 
ls (ede alle eee ae) 
_ 108N,( +5) 
“te aes feet (16) 
108 N,, (1 + L) 
a Se Stee ee 1 
elH@E, feet (17) 


ENGINES FOR LIQUID FUEL 


In this case the fuel is introduced either in liquid form or in 
the shape of vapor. In either case the volume ratios of fuel to 
air are very much smaller than they are in the case of gaseous 
fuels. Take for instance the case of alcohol, a fuel of low heating 
value. Here we find that the vapor does not form theoretically 
more than 4 per cent of the volume of the charge. In reality it 
is even less than this on account of the excess air used. In view 
of this fact we may put for these engines 

Vi = .785 #1 = 7 aS See o eubic feet (18) 

Solving this again for d, / and n we obtain for engines using 

liquid fuel: 


108 VL 
d = yee, ‘ 19 
enHlE, S eo 
108 N,L 
Lt = nee ft. (20) 
108 NL 
and n ~ elH@E, (21) 


In these equations the quantities to which certain values 
must be assigned are L, e and H,. As stated before, there is now 
so much practical data at hand that the proper determination of 
these should cause no difficulty. For values of H, see Table, 
p. 86. The table on the opposite page gives values of L, C and 
e, as found for various fuels. 

Since the nominal brake horse-power N,, is 18 to 20 per cent 
below the maximum capacity of engines in ordinary cases, it is 
well to assume an excess of air of about 30 per cent at the outset, 
in the case of machines using gas. In the case of liquid fuel 
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engines a greater excess, 50 to 60 per cent, should be used, because 
these fuels are usually high in heating value, and if any economi- 
cal degree of compression is to be employed, the fuel mixture 
should be rather lean. Besides it is not easy to produce a uniform 
fuel mixture in the case of liquid fuels, and an excess of air would 
help to overcome this difficulty. These excess air allowances 
have been made. in the table. The values of C and e are for the 
various fuels and for various sizes of engines, as determined from 
existing data. The fuel consumed by heating apparatus and 
ignition flames is not included in C. In the case of engines using 
generator gas it is supposed that suction generators are employed 
requiring no fuel for a separate boiler. 

To see how the results obtained by Gildner’s method agree 
with those obtained by Moss, the same examples will be taken. 

EXAMPLE 1. — Engine to be 100 B. H. P., throttling governor, 
fuel to be anthracite producer gas. Determine the cylinder 
dimensions, assuming as before that the number of revolutions 
is 185 per minute. 

For this case any one of the formule 15 to 17 may be used. 
Taking the first, we have 


108 N, (1 + L) 
d= te ee f 
niin 


in which N, = 100 B. H. P. 


£ = air used per cu. ft. of the fuel gas = say 1.3 for 
anthracite gas from the table. 

e = thermal efficiency that may be expected = .24 
from the table. 

nm = 185. 

H = heating value of fuel = 141 B. T. U. from the 
table. 

1 =Stroke = # d = assumed as 1.6 d in previous 
case. 


£, = volumetric efficiency = say .90 from table p. 86. 


108 X 100 X 2.3 
24 X 185 X 141 X 1.6 d x .90 


108 X 100 X 2.3 S: 
.24 X 185 X 141 X 1.6 X .90 


Then — 





or a = eit 
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from which d 


Il 


1.42 ft. = appr. 17”, and 
l 


I 


1.6d = 1.6 X 17” = appr. 274’. 


This method, therefore, apparently calls for a smaller engine. 
EXAMPLE 2.— Gasoline engine, cyl. diam. 6”, stroke 84’, 

r.p.m. 250. Hit-and-miss governor. Determine probable B. H. P. 
For this, equation 21 may be rewritten 


nelH@PH, 


Nee 108 L 


in which n = 250 r.p.m. 





eé = thermal efficiency = .19 from table. 

lL = siroke-— 8)” = .71 ft. 

H = heating value of fuel = 19800, from table. 

a= 6G = bt, a? = 25. 

E,, = .75, from p. 86, since this engine is likely to have 
an automatic inlet valve. 

L = 250, for a good rich mixture. 

Then 
250 X .19 X .71 X 19800  .25 X .75- 
a 108 < 250 = 4.65 B.H.P. 


The previous example gave 4.4 B. H. P. so that the agreement 
in this case is satisfactory. yf 
IV. For determining the power rating of automobile engines, 
several more or less empirical formule are in use, two of which 
will be cited. 
The Association of Automobile Manufacturers has fixed upon 
the following expression for four-cycle engines: 
aN 
Evo 25 
where d = diameter of cylinder in inches, and 
N = number of cylinders. 


This is based on a speed of 1000 r.p.m. 

The following is a semi-empirical formula developed by G. L. 
Rice from an examination of a large number of automobile 
engines: 
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2 
BHP. = Taoog (48 : ) 





14000 SGC 
where d = cyl. diam. in inches. 
lL = stroke in inches. 
N = no. of cylinders. 
a, = T.p.M., and 


Cl = clearance expressed in terms of piston displacement. 


The following example shows the application of the methods 
discussed to the determination of the power of an automobile 
machine. 


EXAMPLE. — Cylinder diameter 4”, stroke 44”, r.p.m. 1000, 
no. of cylinders 4. Determine the probable B. H. P. 
I. By determination of M. E. P. 


Assume compression carried is 80 pounds, which requires 
about 28 per cent clearance. From Moss’s Tables 


M. E. P. = 75 X 1.12 = 84 pounds. 
From equation (4) therefore 


s4x 2 x 795 x 4 xX 500 


12 
33000 
Since the mechanical efficiency is in the neighborhood of .80, 


BeoPr= .8 X62 48 
and for four cylinders 


P= = 6 H.P. 


Total B. H. P. = 4X 4.8 = 19.2 
II. By Giildner’s Method: 





nelHd?E, 
Ne Visa 
2 
1000 * .20 x 7° x 19800 x ee, Grd 
ag 108 X 250 a 
and total B. H. P. = 4 X 4.6 = 18.4 
III. By Association Formula: 
2 
BHP 2-42 eee 
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IV. By Rice’s Formula: 


_&x 45x 4x 1000 cA 
BE PS mee a a5 a ~17.3 


Of the above results, those obtained by methods I, IT, and IV 
agree very well. Method III gives a result considerably higher, 
but in view of the fact that the choice of the factor 2.5 is some- 
what arbitrary, this discrepancy does not mean much. If the 
factor had been taken equal to three, for instance, as is sometimes 
done, the result would be brought down to 21.3 horse-power 
which is not so far different from the rest. 


CHAPTER XVI 
METHODS OF TESTING GAS ENGINES — 


THE actual testing of gas engines, that is, the determination of 
indicated and brake horse-power, speed, fuel consumption, etc., does 
not differ materially from the methods long become standard in 
steam engine practice. But the calculations involved in the proper 
working up of the data obtained are enough different to have caused 
engineering societies at home and abroad to set up rules and regu- 
lations, so-called codes, for testing internal combustion engines. 

Thus in 1898 the American Society of Mechanical Engineers 
appointed a committee for this purpose which rendered a final 
report in an Appendix to the Steam Engine Code in 1901. The 
British Institution of Civil Engineers followed suit, the pre- 
liminary and final reports being rendered in March and December, 
1905, respectively. Finally the Verein Deutscher Ingenieure 
adopted a code for the testing of gas engines and gas producers, 
which was published in the Zeitschrift for November 24, 1906. 
The latter code was translated nearly entirely by Mr. F. E. Junge 
and will be found in Power for February, 1907. 

Of these codes the American and German give specific rules 
for testing, the latter paying particular attention to acceptance 
tests of both engines and gas producers. The British report 
concerns itself mainly with establishing efficiency standards. 

In describing the methods followed in the testing of gas 
engines, it was thought best to give the American code in its 
entirety, supplementing it by most of the references to the steam 
engine code contained in its original printed form. This is fol- 
lowed by a translation of nearly the entire German code, modi- 
fied where necessary to suit the American conditions. This 
code is also given because it not only supplements the American . 
code in some important details, but on account of the rules given 
for the testing of gas. producers. 
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RULES FOR CONDUCTING TESTS OF GAS AND OIL ENGINES. CODE OF 
1901 


I. Objects of the Tests. — At’ the outset the specific object 
of the test should be ascertained, whether it be to determine the 
fulfilment of a.contract guarantee, to ascertain the highest econ- 
omy obtainable, to find the working economy and the defects as 
they exist, to ascertain the performance under special conditions, 
or to determine the effect of changes in the conditions; and the 
test should be arranged accordingly. 

Much depends upon the local conditions as to what prepara- 
tions should be made for a test, and this must be determined 
largely by the good sense, tact, judgment, and ingenuity of the 
expert undertaking it, keeping in mind the main issue, which is 
to obtain accurate and reliable data. In deciding questions of 
contract, a clear understanding in regard to the methods of test 
should be agreed upon beforehand with all parties, unless these 
are distinctly provided for in the contract. 

II. General Condition of the Engine. — Examine the engine, 
and make notes of its general condition, and any points of design, 
construction, or operation which bear on the objects in view. 
Make a special examination of all the valves by inspecting- the 
seats and bearing surfaces, and note their condition, and see if the 
piston rings are gas-tight. _ 

If the trial is made to determine the highest efficiency, and 
the examination shows evidence of leakage, the valves and piston 
rings, etc., should be made tight, and all parts of the engine put 
in the best possible working condition before starting on the test. 

III. Dimensions, etc. — Take the dimensions of the cylinder, 
or cylinders, whether already known or not; this should be done 
when they are hot, and in working order. If they are slightly 
worn the average diameter should be determined. Measure, 
also, the compression space or clearance volume, which should be 
done, if practicable, by filling the spaces with water previously 
measured, the proper correction being made for the temperature. 

IV. Fuel. — Decide upon the gas or oil to be used, and if the 
trial is to be made for maximum efficiency, the fuel should be the 
best of its class that can readily be obtained, or one that shows 
the highest calorific power. 
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V. Calibration of Instruments used in the Tests. — All 
instruments and apparatus should be calibrated and ‘their re- 
liability and accuracy verified by comparison with recognized 
standards. Apparatus lable to change or to become broken 
during the tests, such as gages, indicator springs, and ther- 
mometers, should be calibrated both before and after the experi- 
ments. The accuracy of all scales should be verified by standard 
weights. In the case of gas or water meters, special attention 
should be given to their calibration, both before and after. the 
trial, and at the same rate of flow and pressure as exists during 
the trial. 

(a) GacEs. — For pressures above the atmosphere, one of 
the most convenient, and at the same time reliable, standards is 
the dead-weight testing apparatus which is manufactured by 
many of the prominent gage makers. It consists of a vertical 
plunger nicely fitted into a cylinder containing oil or glycerine, 
through the medium of which the pressure is transmitted to the 
gage. The plunger is surmounted by a circular stand on which 
weights may be placed, and by means of which any desired pres- 
sure can be secured. The total weight, in pounds, on the plunger 
at any time, divided by the area of the plunger and of the bush- 
ing which receives it, in square inches, gives the pressure in pounds 
per square inch. 

Another standard of comparison for pressures is the mercury 
column. If this instrument is used, assurance must be had that 
it is properly graduated with reference to the ever varying zero 
point; that the mercury is pure, and that the proper correction 
is made for any difference of temperature that exists, compared 
with the temperature at which the instrument was graduated. 

For pressure below the atmosphere, an air pump or some 
other means of producing a vacuum is required, and reference 
must be made to a mercury gage. Such a gage may be a 
U-tube having a length of 30 inches or so, with both arms properly 
filled with pure mercury. 

(6) THERMoMETERS. — Standard thermometers are those 
which indicate 212 degrees Fahrenheit in steam escaping from 
boiling water at the normal barometrical pressure of 29.92 inches, 
the whole stem up to the 212-degree point being surrounded by — 
the steam; and which indicate 32 degrees Fahrenheit in melting 
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ice, the stem being likewise completely immersed to the 32-de- 
gree point; and which are calibrated for points between and 
beyond these two references points. We recommend, for tem- 
peratures between 212 degrees and 400 degrees Fahrenheit, that 
the comparison of the thermometer be made with the tempera- 
ture given in Regnault’s Steam Tables, the method required 
being to place it in a mercury well surrounded by saturated steam 
under sufficient pressure to give the right temperature. The 
pressure should be accurately determined as pointed out in the 
above section (a), and the thermometer should be immersed to 
the same extent as it is under its working condition. 

Thermometers in practice are seldom used with the stems 
fully immersed; consequently, when they are compared with the 
standard, the comparison should be made under like conditions, 
whatever those happen to be. 

If pyrometers of any kind are used, they should be compared 
with a mercury thermometer within its range, and if extreme 
accuracy is required with an air thermometer, or a standard 
based thereon, at higher points, care being taken that the medium 
surrounding the pyrometer, be it air or liquid, is of the same 
uniform temperature as that surrounding the standard. 

(c) INpDicator Sprines. — The indicator springs should be 
calibrated with the indicator in as nearly as possible the same 
condition as to temperature as exists during the trial. This 
temperature can usually be‘estimated in any particular case. A 
simple way of heating the indicator is to subject it to a steam 
pressure just before calibration. Compressed air, or compressed 
carbonic acid gas, are suitable for the actual work of calibration, 
These gases should be used in preference to steam, so as to bring 
the conditions as near as possible to those which obtain when 
the indicators are in actual use. When compressed carbonic 
acid gas is used, and trouble arises from the clogging of the escape 
valves with ice, the pipe between the valve and the gas tank 
should be heated. With both air and carbonic acid gas, the 
pipes leading to the indicator should also be heated if it is found 
that they are below the required temperature. The springs may 
be calibrated for this class of engines under a constant pressure, 
if desired, and the most satisfactory method is to cover the whole 
range of pressure through which the indicator acts; first, by grad- 
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ually increasing it from the lowest to the highest point, and then 
gradually reducing it from the highest to the lowest point, in the 
manner which has heretofore been widely followed by indicator 
makers; a mean of the results should be taken. The calibration 
should be made for at least five points, two of these being for the 
pressures corresponding to the maximum and minimum pressures, 
and three for intermediate points equally distant. 

The standard of comparison recommended is the dead weight 
testing apparatus, a mercury column, or a steam gage, which 
has been proved correct by reference to either of these standards. 

When the scale of the spring determined by calibration is 
found to vary from the nominal scale with substantial uniformity, 
it is usually sufficiently accurate to take the arithmetical mean 
of the scales found at the different pressures tried. When, how- 
ever, the scale varies considerably at the different points, and 
absolute accuracy is desired, the method to be pursued is as 
follows: Select a sample diagram and divide it into a number of 
parts by means of lines parallel to the atmospheric line, the 
number of lines being equal to and corresponding with the num- 
ber of points at which the calibration of the spring is made. 
Take the mean scale of the spring for each division and multiply 
it by the area of the diagram inclosed between two contiguous 
lines. Add all the products together and divide by the area of 
the whole diagram; the result will be the average scale of the 
spring to be used. If the sample diagram selected is a fair repre- 
sentative of the entire set of diagrams taken during the test, this 
average scale can be applied to the whole. If not, a sufficient 
number of samples of diagrams representing the various conditions 
can be selected, and the average scale determined by a similar 
method for each, and thereby the average for the whole run, 

(dq) Gas Meters. — A meter used for measuring gas for a 
gas engine should be calibrated by referring its readings to the 
displacement of a gasometer of known volume, by comparing it 
with a standard gas meter of known error, or by passing air 
through the meter from a tank in which air under pressure is 
stored. Ifthe latter method is adopted, it is necessary to observe 
the pressure of the air in the tank and its temperature, both at 
the tank and at the meter, and this should be done at uniform — 
intervals during the progress of the calibration. The amount of 
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air passing through the meter is computed from the volume of 
the tank and the observed temperatures and pressures. 

The volume of the gas thus ascertained should be reduced to 
the equivalent at a given temperature and atmospheric pressure, 
corrected for the effect of moisture in the gas, which is ordinarily 
at the saturation point or nearly so. We recommend that a 
standard be adopted for gas-engine work, the same as that used 
in photometry, namely, the equivalent volume of the gas when 
saturated with moisture at the normal atmospheric pressure at a 
temperature of 60 degrees Fahrenheit. In order to reduce the 
reading of the volume containing moist gas at any other tempera- 
ture to this standard, multiply by the factor 


459.4 + 60 _ b — (29.92 — s) 
459.4 + 1 29.4 





) 


in which 6 is the height of the barometer in inches at 32 degrees 
Fahrenheit, ¢ the temperature of the gas at the meter in degrees 
Fahrenheit, and s the vacuum in inches of mercury corresponding 
to the temperature of ¢ obtained from steam tables. 

(e) Water Meters. — A good method of calibrating a water 
meter is the following, reference being made to Fig. 16-1. 

Two tees A and B are placed in the feed pipe, and between 
them two valves C and D. The meter is connected between the 
outlets of the tees A bh eas 

» , CALIBRATION OF AWATER METER: 

and B. The valves SKETCH SHOWING METER CONNECTIONS ETC,, 

E and F are placed 
one on each side cf 
themeter. When the 
meter is running, 
the valves H and F 
are opened, and the 
valves C and D are 
closed. Should an 
accident happen to 
the meter during the 
test, the valves EH 
and F' may be closed, 
and the valves C and D opened, so as to allow the feed water 
to flow directly to the point of use. A small bleeder G is 
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opened when the valves C and D are closed, in order to make 
sure that there is no leakage. A gage is attached at H. When 
the meter is tested, the valves C, D, and F are closed, and the 
valves H and J are opened. The water flows from the valve 
I to a tank placed on weighing scales. In testing the meter the 
rate of flow should be the same as that on test, and the water 
leaving the meter is throttled at the valve J until the pressure 
shown by the gage H is the same as that indicated when the 
meter is running under the normal conditions. The piping lead- 
ing from the valve J to the tank is arranged with a swinging joint, 
consisting merely of a loosely fitting elbow, so that it can be swung 
readily into the tank or away from it. After the desired pressure 
and rate of flow have been secured, the end of the pipe is swung 
into the tank the instant that the pointer of the meter is opposite 
some graduation mark on the dial, and the water continues to 
empty into the tank. The tests should be made by starting and 
stopping at the same graduation mark on the meter dial, and 
continued until at least 10 or 20 cubic feet are discharged for one 
test. The water collected in the tank is then weighed. 

The water passing the meter should always be under pressure 
in order that any air in the meter may be discharged through the 
vents provided for this purpose. Care should be taken that there 
is no air contained in the water. The meter should be tested 
both before and after the engine trial, and several tests be made 
of the meter in each case in order to obtain confirmative results. 
It is well to make preliminary tests to determine whether the 
meter works satisfactorily before connecting it up for an engine 
trial. The results should agree with each other for two widely 
different rates of flow. 

VI. Duration of Test. — The duration of a test should 
depend upon its character and the objects in view, and in any 
case the test should be continued until the consecutive readings 
of the rates at which oil or gas is consumed, taken at say half- 
hourly intervals, become uniform and thus verify each other. If 
the object is to determine the working economy, and the period 
of time during which the engine is usually in motion is some part 
of twenty-four hours, the duration of the test should be fixed for 
this number of hours. If the engine is one using coal for generat- 
ing gas, the test should cover a long enough period to determine 
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with accuracy the coal used in the gas producer ; such a test should 
be of at least twenty-four hours’ duration, and in most cases it 
should extend over several days. 

VII. Starting and Stopping a Test.— In a test for deter- 
mining the maximum economy of an engine, it should first be 
run a sufficient time to bring all the conditions to a normal and 
constant state. Then the regular observations of the test should 
begin, and continue for the allotted time. 

If a test is made to determine the performance under working 
conditions, the test should begin as soon as the regular prepara- 
tions have been made for starting the engine in practical work, 
and the measurements should then commence and be continued 
until the close of the period covered by the day’s work. 

VIII. Measurement of Fuel. — If the fuel used is coal fur- 
nished to a gas producer, the same methods apply for determining 
the consumption as are used in steam boiler tests. 

If the fuel used be gas, the only practical method of measure- 
ment is the use of a meter through which the gas is passed. Gas 
bags should be placed between the meter and the engine to dimin- 
ish the variation of pressure, and these should be of a size propor- 
tionate to the quantity used. When a meter is employed to 
measure the air used by an engine, a receiver with a flexible 
diaphragm should be placed between the engine and the meter. 
The temperature and pressure of the gas should be measured, as 
also the barometric pressuré and temperature of the atmosphere, 
and the quantity of gas should be determined by reference to the 
calibration of the meter, taking into account the temperature 
and pressure of the gas. (See Section V (d)). 

If the fuel is oil, this can be drawn from a tank which is filled 
to the original level at the end of the test, the amount of oil re- 
quired for so doing being weighed; or, for a small engine, the oil 
may be drawn from a calibrated vessel such as a vertical pipe. 

In an engine using an igniting flame the gas or oil required for 
it should be included in that of the main supply, but the amount 
so used should be stated separately, if possible. 

IX. Measurement of Heat-Units Consumed by the Engine. — 
The number of heat units used is found by multiplying the num- 
ber of pounds of coal or oil or the cubic feet of gas consumed, by 
the total heat of combustion of the fuel as determined by a cal- 
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orimeter test. In determining the total heat of combustion no 
deduction is made for the latent heat of the water vapor in the 
products of combustion. There is a difference of opinion on 
the propriety of using this higher heating value, and for purposes 
of comparison care must be taken to note whether this or the 
lower value has been used. The calorimeter recommended for 
determining the heat of combustion is the Mahler, for solid fuels 
or oil, or the Junker for gases, or some form of calorimeter known 
to be equally reliable. (See Chapter VI, or Poole on “The Calorific 
Power of Fuels.’’) 

It is sometimes desirable, also, to have a complete chemical 
analysis of the oil or gas. The total heat of combustion may be 
computed, if desired, from the results of the analysis, and should 
agree well with the calorimeter values. 

In using the gas calorimeter, which involves the determina- 
tion of the volume instead of the weight of the gas, it is important 
that this should be reduced to the same temperature as that 
corresponding to the conditions of the engine trial. The formula 
to be used for making the reduction is that already given in ~ 
Section V (d). 

For the purpose of making the calorimeter test, if the fuel 
used is coal for generating gas in a producer, or oil, samples should 
be taken at the time of the engine trial, and carefully preserved 
for subsequent determination. If gas is used, it is better to have 
a gas calorimeter on the spot, samples taken, and the calorimeter 
test made while the trial is going on. 

X. Measurement of Jacket Water to Cylinder or Cylinders. — 
The jacket water may be measured by passing it through a water 
meter or allowing it to flow from a measuring tank before enter- 
ing the jacket, or by collecting it in tanks on its discharge. 

XI. Indicated Horse-Power. — The directions given for deter- 
mining the indicated horse-power for steam engines apply in all 
respects to internal combustion engines. 

The indicated horse-power should be determined from the 
average mean effective pressure of diagrams taken at intervals of 
twenty minutes, and at more frequent intervals if the nature of 
the test makes this necessary. With variable loads, such as those ; 
of engines driving generators for electric railroad work, and of 
rubber-grinding and rolling mill engines, the. diagrams cannot be 
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taken too often. In cases like the latter, one method of obtain- 
ing suitable averages is to take a series of diagrams on the same 
blank card without unhooking the driving cord, and apply the 
pencil at successive intervals of ten seconds until two minutes’ 
time or more has elapsed, thereby obtaining a dozen or more 
indications in the time covered. This tends to insure the deter- 
mination of a fair average for that period. In taking diagrams 
for variable loads, as indeed for any load, the pencil should be 
applied long enough to cover several successive revglutions, so 
that the variations produced by the action of the governor may 
be properly recorded. To determine whether the governor is 
subject to what is called “racing” or “hunting,” a “variation 
diagram” should be obtained; that is, one in which the pencil is 
applied a sufficient time to cover a complete cycle of variations. 
When the governor is found to be working in this manner, the 
defect should be remedied before proceeding with the test. 

AutHor’s Norr.— When the engine is governed by the hit-and-miss 
principle the diagrams taken on one card should in any case cover the series 
of consecutive explosions, and the mean diagram should be used as the basis 
of calculations. 

The most satisfactory driving rig for indicating seems to be 
some form of well-made pantagraph, with driving cord or fine 
annealed wire leading to the indicator. The reducing motion, 
whatever it may be, and the-connections to the indicator, should 
be so perfect as to produce diagrams of equal lengths, and pro- 
duce a proportionate reduction of the motion of the piston at 
every point of the stroke, as proved by test. 

To test the accuracy of the reducing motion without making 
special preparations for a thorough examination, it is sufficient 
to make a comparison between the actual proportion of the stroke 
covered and the apparent proportion measured on the indicator, 
and see how they agree. This may be done on a large engine by 
making the comparison wherever it happens to stop, and repeat- 
ing the comparison when it has stopped with the piston at some 
other point of the stroke. With an engine which can be turned 
over by hand, or where auxiliary power is provided for moving 
it, the comparison may be made at a number of equidistant 
points in the stroke. To make the test properly, a diagram 
should be taken just before stopping, and this will serve as a 
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reference for the measurements taken after stopping. The actual 
proportion of stroke covered is determined by measuring the 
distance which the piston has moved and comparing it with the 
whole length of the stroke, making sure that the slack has all 
been taken up. To obtain the apparent indication from the dia- 
gram, the indicator pencil is moved up and down with the finger 
so as to make a vertical mark on the diagram, and the distance 
of this mark from the beginning of the diagram compared to the 
whole length of the diagram is the proportion desired. 

It is necessary, of course, to go through these operations with- 
out changing in any way the adjustment of the driving cord of 
the indicator, or any part of the mechanism that would alter the 
movements of the indicator. 

In the manipulation of the indicator it is important to keep 
the instrument in clean condition and preserve it in mechanically 
good order. Ordinary cylinder oil is the best material to use for 
lubricating the indicator piston for pressures above the atmos- 
phere. It is better to have the piston fit the cylinder rather 
loosely —so as to get absolute freedom of motion — than to 
have a mechanically accurate fit. In the latter case, extreme 
care and frequent cleanings are required to obtain good diagrams. 
No diagrams should be accepted in which there is any appearance 
of want of freedom in the movement of the mechanism. A ragged 
or serrated line in the region of the expansion or compression 
lines is a sure indication that the piston or some part of the 
mechanism sticks; and when this state of things is revealed the 
indicator should not be trusted, but the cause should be ascer- 
tained and a suitable remedy applied. An indicator which is 
free when subjected to a steady pressure, as it is under a test 
of the springs for calibration, should be able to produce the same 
horizontal line, gr substantially the same, after pushing the 
pencil down with the finger, as that traced after pushing the 
pencil up and subsequently tapping it lightly. When the pencil 
is moved by the finger, first up and then down, the piston being 
subjected to the pressure, the movement should appear smooth 
to the sense of feeling. 

The pipe connections for indicating gas and oil engines should 
be removed as far as possible from the ports and ignition devices, 
and made preferably in the cylinder head. The pipes should be 
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as short and direct as possible. Avoid the use of long pipes, 
otherwise explosions of the gas in these connections may occur. 

Ordinary indicators suitable for indicating steam engines are 
much too lightly constructed for gas and oil engines. The pencil 
mechanism, especially the pencil arm, needs to be very strong to 
prevent injury by the sudden impact at the instant of the ex- 
plosion; a special gas-engine indicator is required for satisfactory 
work, with a small piston and a small spring. 

See Chapter I for the description of various indicators. 

XII. Brake Horse-Power. — The determination of the brake 
horse-power, which is very desirable, is the same for internal 
combustion as for steam engines. 

This term applies to the power delivered from the fly-wheel 
shaft to the engine. It is the power absorbed by a friction brake 
applied to the rim of the wheel, or to the shaft. A form of brake 
is preferred that is self-adjusting to a certain extent, so that it 
will, of itself, tend to maintain a constant resistance at the rim 
of the wheel. One of 
the simplest brakes 
for comparatively 
small engines, which 
may be made to em- 
body this principle, 
consists of a cotton 
or hemp rope, or a 
number of ropes, en- 
circling the wheel, 
arranged with weigh- 
ing scales or other 
means for showing 
the strain. Anordi- 
nary band brake may also be constructed so as to embody the 
principle. The wheel should be provided with interior flanges 
for holding water used for keeping the rim cool. 

A self-adjusting rope brake is illustrated in Fig. 16-2, where 
it will be seen that, if the friction at the rim of the wheel increases, 
it will lift the weight A, which action will diminsh the tension in 
the end B of the rope, and thus prevent a further increase in the 
friction. The same device can be used for a band brake of the 
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ordinary construction. Where space below the wheel is limited, 
a cross bar, C, supported by a chain tackle exactly at its center 
point, may be used as shown in Fig. 16-2, thereby causing the 
action of the weight on the brake to be upward. A safety stop 
should be used with either form, to prevent the weights being 
accidentally raised more than a certain amount. 

Thé water-friction brake is specially adapted for high speeds 
and has the advantage of being self-cooling. The Alden brake is 
also self-cooling and is capable of fine adjustment. 

A water-friction brake is shown in Fig. 16-3. It consists of 
two circular discs, A and B, attached to the shaft C, and revolv- 
ing in a case, HL, be- 
tween fixed planes. 
The space between 
the discs and the 
planes is supplied 
with running water, 
which enters at D 
and escapes at the 
cocks F, G, and H. 
The friction of the 
water against the 
surfaces constitutes 
a resistance which . 
~ absorbs the desired power, and the heat generated within is 
carried away by the water itself. The water is thrown outward 
by centrifugal action and fills the outer portion of the case. 
The greater the depth of the ring of water, the greater amount 
of power absorbed. By suitably adjusting the amount of water 
entering and leaving any desired power can be obtained. Water- 
friction brakes have been used successfully at speeds of over 
20,000 revolutions per minute. 

For methods of computing brake horse-power see Chapter I. 

XIII. Speed. — There are several reliable methods of ascer- 
taining the speed, or the number of revolutions of the engine 
crank shaft per minute. The simplest is the familiar method of 
counting a number of turns for a period of one minute with the. 
eye fixed on the second hand of a time piece. Another is the use 
of a counter held for a minute or a number of minutes against 
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the end of the main shaft. Another is the use of a reliable tach- 
ometer held likewise against the end of the shaft. The most 
reliable method, and the*one we recommend, is the use of a 
continuous recording engine register or counter, taking the total 
reading each time that the general test data are recorded, and 
computing the revolutions per minute corresponding to the 
difference in the readings of the instrument. When the speed is 
above 250 revolutions per minute, it is almost impossible to make 
_a satisfactory counting of the revolutions without the use of 
some kind of mechanical counter. 

The determination of variation of speed during a single revo- 
lution, or the effect of the fluctuation due to sudden changes of 
the load, is also desirable, es- 
pecially in engines driving electric 
generators used for lighting pur- 
poses. There is at present no 
recognized standard method of 
making such determinations, and 
if such are desired, the method 
employed may be devised by the 
person making the test and de- 
scribed in detail in the report. 

One method suggested for 
determining the instantaneous 
variation of speed which ac¢om- 
panies a change of load is as 
follows: A screen containing a 
narrow slot is placed on the end 
of a bar and vibrated by means 
of electricity. A corresponding 
slot in a stationary screen is 
placed parallel and nearly touch- 
ing the vibrating screen, and the 
two screens are placed a short 
distance from the fly-wheel of the engine in such a position that 
the observer can look through the two slots in the direction of the 
spokes of the wheel. The vibrations are adjusted so as to con- 
form to the frequency with which the spokes of the wheel pass 
the slots. 
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When this is done the observer viewing the wheel through the 
slots sees what appears to be a stationary fly-wheel. When a 
change in the velocity of the fly-wheel occurs, the’ wheel appears 
to revolve either backward or forward according to the direction 
of the change. By careful observations of the amount of this 
motion, the change of angular velocity during any given time is 
revealed. 

Experiments that have been made with a device of this kind 
show that the instantaneous gain of velocity, upon suddenly 
removing all the load from an engine, amounted to from one- 
sixth to one-quarter of a revolution of the wheel. 

In an engine which is governed by varying the number of ex- 
plosions or working cycles, a record should be kept of the number 
of explosions per minute; or if the engine is running at nearly 
maximum load, by counting the number of times the governor 
causes a miss in the explosions. 

One way of mechanically recording the explosions is to attach 
to the exhaust pipe a cylinder and piston arranged so that the 
pressure caused by the exhaust gases operate against a light 
spring and moves a register, which is provided for automatically 
counting the number. 


Aurnor’s Norr. — An instrument for this purpose has been devised by 
R. Mathot. The following description is from his book on “Modern Gas 
Engines and Producer Gas Plants: 

The instrument, Fig. 16-4, is somewhat similar in form to the ordinary 
indicator. Its record, however, is made on a paper tape which is continuously 
unwound. The cylinder ¢ is provided with a piston p, about the stem of 
which a spring s is coiled. A clock train contained in the chamber b unwinds 
the strip of paper from the roll p’ and draws it over the drum p’’, where the 
pencil ¢ leaves the mark. The tape is then rewound on the spindle p’’”, A 
small stylus or pencil / traces the atmospheric line on the paper as it passes 
over the drum p’’. In order to obviate the binding of the piston p when 
subjected to the high temperature of the explosions, the cylinder c is provided 
with a casing e in which water is circulated by means of a small rubber tube 
which fits over the nipple e’. This recorder analyzes with absolute precision 
the work of all engines, whatever may be their speed. It gives a continuous 
graphic record from which the number of explosions, together with the initial 
pressure of each, can be determined, and the order of their succession. Con- 
sequently the regularity or irregularity of the variations can be observed 
and traced to the secondary influences producing them, such as the action 
of the inlet and outlet valves and the sensitiveness of the governor. It renders 
it possible to estimate the resistance to suction and the back pressure due to 
expelling the burnt gases, the chief causes of loss in efficiency in high-speed 
engines. Furthermore, the influence of compression is markedly shown 
from the diagram obtained. 

The recorder is mounted on the engine; its piston is driven back by each 
of the explosions to a height corresponding with their force; and the stylus 
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or pencil controlled by the lever ¢ records them side by side. on the moving 
strip of paper. The speed with which this strip is unwound conforms with the 
number of revolutions of the engine to be tested, so that the records of the 
explosions are placed side by side clearly and legibly. 

Their succession indicates not only the number of explosions and of 
revolutions which occur in a given time, but also their regularity, the num- 
ber of misfires. The pressure of the explosions is measured by a scale con- 
nected with the recorder-spring. By employing a very weak spring which 
flexes at the bottom simply by the effect of the compression in the engine 
cylinder, it is possible to ascertain the amount of the resistance to suction 
and to the exhaust. It is simply sufficient to compare the explosion record 
with the atmospheric line, traced by the stylus 7. By means of this appa- 
ratus, and of the records which it furnishes, it is possible analytically to regulate 
the work of an engine, to ascertain the propertion of air, gas, or hydro- 
carbon which produces the most powerful explosion, to regulate the com- 
pression, the speed, the time of ignition, the temperature, and the like. 


XIV. Recording the Data. —The time of taking weights 
and every observation should be recorded, and note made of 
every event, however unimportant it may seem to be. The 
pressures, temperatures, meter readings, speeds, and other 
measurements should be observed every 20 or 30 minutes when 
the conditions are practically uniform, and at more frequent 
intervals if they are variable. Observations of the gas or oil 
measurements should be taken with special care at the expira- 
tion of each hour, so as to divide the test into hourly periods, and 
reveal the uniformity, or otherwise, of the conditions and results 
as the test goes forward. 

All data and observations should be kept on suitable prepared 
blank sheets or in notebooks. _ 

XV. Uniformity of Conditions. — When the object of the 
test is to determine the maximum economy, all the conditions 
relating to the operation of the engine should be maintained as 
constant as possible during the trial. 

XVI. Indicator Diagrams and their Analysis. — SAMPLE 
DiaGRAMS: Sample diagrams nearest to the mean should be 
selected from those taken during the trial and appended to the 
tables of the results. If there are separate compression or feed 
cylinders, the indicator diagrams from these should be taken 
and the power deducted from that of the main cylinder. 

XVII. Standards of Economy and Efficiency. — The hourly 
consumption of heat, determined as pointed out in Article IX, 
divided by the indicated or the brake horse-power, is the standard 
expression of engine economy recommended. 

In making comparisons between the standard for internal 
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combustion engines and that for steam, it must be borne in mind 
that the former relates to energy concerned in the generation of 
the force employed, whereas in the steam engine it does not 
relate to the entire energy expended during the process of com- 
bustion in the steam boiler. The steam engine standard does 
not cover the losses due to combustion, while the internal com- 
bustion engine standard, in cases where a crude fuel such as oil 
is burned in the cylinder, does cover these losses. To make a 
direct comparison between the two classes of engines considered 
as complete plants for the production of power, the losses in 
generating the working agent must be taken into account in both 
cases and the comparison must be on the basis of the fuel used; 
and not only this, but on the basis of the same or equivalent fuel 
used in each case. In such a comparison, where producer gas 
is used, and the producer is included in the plant, the fuel con- 
sumption, which will be the weight of coal in both cases, may be 
directly compared. 

The thermal efficiency ratio per indicated homer -power or per 
brake horse-power for internal combustion engines is obtained 
in the same manner as for steam engines, and is expressed by the 


fraction 2 
2545 


B.T.U. per H.P. per hour 


XVII. Heat Balance. — For purposes of scientific research, 
a heat balance should be drawn which shows the manner in which 
the total heat of combustion is expended in the various processes 
concerned in the working of the engine. It may be divided into 
three parts: first, the heat which is converted into the indicated 
or brake work; second, the heat rejected in the cooling water of 
the jackets; and third, the heat rejected in the exhaust gases, 
together with that lost through incomplete combustion and 
radiation. 

To determine the first item, the number of foot-pounds of work 
performed by, say, one pound or one cubic foot of the fuel is 
determined; and this quantity divided by 778, which is the me- 
chanical equivalent of one British thermal unit, gives the number 
of heat units desired. The second item is determined by meas- 
uring the amount of cooling water passed through the jackets, 
equivalent to one pound or one cubic foot of fuel consumed, and 
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calculating the amount of heat rejected, by multiplying this 
quantity by the difference in the sensible heat of the water leav- 
ing the jacket and that entering. The third item is obtained by 
the method of differences; that is, by subtracting the sum of the 
first two items from the total heat supplied. The third item can 
be subdivided by computing the heat rejected in the exhaust 
gases as a separate quantity. The data for this computation 
are found by analyzing the fuel and the exhaust gases, or by 
measuring the quantity of air admitted to the cylinder in addi- 
tion to that of the gas or oil. 

For methods of making fuel and exhaust gas computations, 
see Chapter VI. 

XIX. Report of Test. — The data and results of a test should 
be reported in the manner outlined in one of the following tables, 
the first of which gives a complete summary when all the data are 
determined, and the second is a shorter form of report in which 
some of the minor items are omitted. 

XX. Temperatures Computed at Various Points of the In- 
dicator Diagram. — The computation of temperatures correspond- 
ing to various points in the indicator is, at best, approximate. 
Jt is possible only where the temperature of one point is known 
or assumed, cr where the amount of air entering the cylinder 
along with the charges of gas or oil, and the temperature of the 
exhaust gases, is determined. 

If the amount of air is determined for a gas engine, together 
with the necessary temperatures, so that the volume and the 
temperature of the air entering the cylinder per stroke, and that 
of the gas are known, we may, by combining this with the other 
data, compute the temperature for a point in the compression 
curve. In this computation we must allow for the volume of 
the exhaust gases remaining in the cylinder at the end of the 
stroke. The temperature at the point in the compression curve 
where it meets or crosses the atmospheric line will be given by 
the formula: 


491.4 V’ 


T 4 yV" -f yu + yu 


— 459.4....(A); 


where V’ is the total volume corresponding to the point where 
the compression curve meets or crosses the atmospheric line; V” 
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the volume of the air at atmospheric pressure entering the cylin- 
der during each working cycle, reduced to the equivalent volume 
at 32 degrees Fahrenheit; V’”’ the volume of the gas consumed 
per cycle reduced to the equivalent at atmospheric pressure and 
32 degrees Fahrenheit; and V’”’the volume of the exhaust 
gases retained in the cylinder reduced to the same basis. To 
reduce the actual volumes to those at 32 degrees F ahrenheit, 
multiply by the ratios of 491.4 + (T’ + 459.4), where 7” is the 
observed temperature of the air and of the gas used as fuel. For 
the exhaust gases retained in the cylinder at the end of the stroke 
T’ may be taken as the temperature of the exhaust gases leaving 
the engine, provided the engine is not of the “ scavenging”’ type. 

Having determined the temperature of a point in the com- 
pression curve, the temperature of any point in the diagram may 
be found by the equation 


Pas 
PV 





T, = (T + 459.4) — 459.4....(B). 

- Here 7’, is the desired temperature of any point in the diagram 
where the absolute pressure is P,; and the total volume V,, and 
P and V are the corresponding quantities for the point in the 
compression line having the temperature 7’ computed from the 
formula (A). 

Formula (B) holds only where the weight of the gases contained 
in the cylinder is constant. It is also assumed in this formula 
that the density of the gas compared to air at the same tempera- 
ture and pressure is the same before and after the explosion. 

A second method may be employed, provided the air which 
enters the cylinder is measured. This will allow for any dif- 
ference in the density of the gas before and after explosion, and 
more exact values for temperatures on the expansion curve may 
be obtained than by the first method. 

In this method the dersity of the exhaust gases compared to 
air at the same temperature and pressure is computed, assuming 
perfect combustion, and including the effect of the water vapor 
present ; and from this density the volume of the gases exhausted 
per cycle is determined. If this volume exhausted per cycle, . 
added to the volume of the gas retained in the clearance space 
at the end of the stroke, be called V in equation B, and T be the 


/ 
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observed temperature of the exhaust gases, this equation may 
be. used for determining the temperature of any point in the dia- 
gram in the way already described. This method is more com- 
plicated than the first, as it involves the determination of the 
theoretical density after explosion, but it possesses the advantage 
that it may be applied to an oil as well as to a gas engine. 

A third method of computing the temperature of the various 
points in the diagram may be employed where analyses of the 
exhaust gases as well as of the fuel have to be made. This method 
is more complicated than the first, but, in common with the 
second, it possesses the advantage that it may be applied to an 
oil as well as to a gas engine. 

In applying the third method the volume of the exhaust gases 
discharged per working cycle would be given by the formula: 


Vi=5 (Rw + w)....(C) 


where D is the density of the exhaust gases at their observed 
temperature, computed from the analysis, assuming the vapor 
of water produced through burning the hydrogen in the fuel to 
be in a gaseous state; R the weight of the air which enters the 
cylinder per pound of fuel consumed per working cycle; the value 
of &, providing there are no unconsumed hydrocarbons, may be 
computed by employing the formula: 

Petuaet 

ats 6074 CO = 
where N, CO, and CO represent the proportions, by volume, of 
the several constituents of the exhaust gases, and C the weight 
of carbon consumed and converted to CO, or CO per pound of 
fuel burned, computed from the analysis of the fuel and of the 
exhaust gases. 

Having determined the volume V, of the exhaust gases, 
formula (B) may be used in computing the temperature, in which 
case T’ will represent the temperature of the exhaust gases as in the 
second method, P the pressure of the exhaust, and V the volume 
of the exhaust gases V, discharged per stroke, added to the volume 
of the gases retained in the cylinder at the end of the stroke. 

The value of R given in equation (D) is approximate, on 


(D) 
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account of the fact that the percentage of N should be that due 
to the air alone, and not that due to the air in addition to that 
contained in the fuel gas. Where extreme accuracy is desired, 
the value found for R may be used to determine the percentage 
of N which in the analysis of the exhaust gases is due to the N 
in the fuel gas, and this value may be subtracted from the total 
N shown by the analysis of the fuel gases, in order to obtain the 
correct value of N to be used in equation (C). 


TABLE NO. 1 


Data AN» Resutts or Test or Gas or Ort ENGINE 


Arranged according to the Complete Form advised by the Engine Test Com- 
mittee, American Society of Mechanical Engineers. Code of 1902 

dg Ma deuby t.6, tacc, ah Siete eee eee = wane OF cont. J Ree eee ae 

On engine located aie... 2.6 6 Ace cn) atone aye ate 

to determine Arc.c0.2. va sie Somes Stee Hee line oe ae 0 eae 


COON D on m wh 
Z 
5 
> 
® 
4 
° 
= 
4 
@ 
< 
5 
— 
c 
=. 
5 
3 
n 
— 
° 
A 
° 
p 
o 
° 
<4 
8 
2 
2 
5 
Q 
° 
a 
& 
wn 
n 
© 
es 
9 
cf 
° 
sa 
oO 


(a), Bpetifici gravity... Myatt, aoc a ee ee deg. Fahr. 
Burning point = 


(c) Flashing point & 


9. Dimensions of engine: : 
Ist Cyl. 2d Cyl. 
(a) Class of cylinder (working or for compressing 
the‘ change) ji #5 a .cAk ane ere alin 
(b) ‘Vertical or horizontal, Wernutlase ler ae 
(c) Single or double acting 
(d) Cylinder dimensions 


OLE. 5 'i5 aa a hoteians SES th epee ae Nee lg, in. 
Stroke ee: Wears §, veck, CROWN opel ad nee A ft 
Diameter piston rod’ "ae ate in. 
Disineter taal rod). 54. atk ee in. 


(e) Compression space or clearance in per cent of 
volume .displaced by piston per stroke. . 
Headend 80. Jagcdct ee mee 
Crank end 
Average * ica ine oy see 

(7) Surface in square feet (average). a. sare eee 
Barrel of cylinderg* 5. . <0 ae 
Cylinder heads. 3i.%.chne. eee ee 
Clearance and ports 

Ends of piston 
Piston rod 


10. 


16. 
17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 
20. 


26. 


27. 
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(g) Jacket surfaces or internal surfaces of cylinder 
heated by jackets, in square feet ....... 

Barrel of Gylinder occ cetcins chaxtcs anc 
Cylinder Heads: Mi.8c 5 bok ie ke hae 
Cleataines and porte 2... ks beac ee 

(h) Horse-power constant for one lb. M. E. P., and 
one revolution per minute ............... 

Give description of main features of engine and plant, and illustrate with 
drawings of same given on an appended sheet. Describe method of 
porenins. State whether the conditions were constant throughout 
the test. 


Total Quantities 


Pe UEALIOIN OF Gestie yb usher eee hice eno hours. 

Se Gas oO LOll CONST CO Woe nese ee ere Ae he Cee ccna cu. ft. or lbs. 

eae Stipe Mmenbic feet ee seetr cen etiam ee cubic feet. 
“ac 


. Cooling water supplied to jackets .:..........0.000. eee 
. Calorific value of gas or oil by calorimeter test, determined 


DYeenn pot es Calorimeter ms st. sce aoe ore eee ee Bor. U. 
Hourly Quantities 
Gas:or oil consumed! perhour Garaes. o4.cs0 0d os eh onic. cu. ft. or lbs. 
Coohn water supplicdperihour’)....%. 05.2550 0 8. oe Ibs. 
Pressures and Temperatures 

Pressure at meter (for gas engine) in inches of water...... ins. 
Barometric pressure of atmosphere: 

(a) Reading of height of barometer .................. f 

(b) Reading of temperature of barometer ............. deg. Fahr. 

(c) Reading of barometer corrected to 32° Fahr........ ins. 
Temperature of cooling water: 

ee UVLO RAE fh ten poetic ns Pa ea en end Ca Ae cata acte deg. Fahr. 

EWR GATSA SER o ot ey ed Uae eee CRC os Bea ae, ee ee ene ff 
Temperature of gas at meter (for gas engine) ............ € 
Temperature of atmosphere: 

(a) Dry-bulls thermometer wos 2.4 Acu ci i owen des ae 
<b). Wet-bulb thermometer A oo. 0. ees vets Hee dae sae sf 

(ye Worrecsol Mimi dityes Pncls oc sc cenic tn ade on. Oe per cent. 
WemipersiinTe-O1 CxMAtistyoasese ano eicc.a cate caine oes deg. Fahr. 


PG WaGeberniiinicd We mie Mle AA ic celts she canckaetehceeng ae & 


Data Relating to Heat Measurement 


Heat units consumed per hour (Ibs. of oil or cu. ft. of gas per 
hour multiplied by the total heat of combustion)..... Ba lew 
Heat rejected in cooling water: 
Kenya Mat ails Peru OUUt wees nts. s ee BAR Tt eon Mae Rie ans 
(b) In per cent of heat of combustion of the gas or oil 
COMSUIIC CMpwe trie iRN pens tenia yeatey tanaka tee per cent. 
Sensible heat rejected in exhaust gases above temperature 
of inlet air: 


cc 


KO etalon ac «tauren ts kA, he ate vate one < one eo Bevis Uke 
(b) In per cent of heat of combustion of the gas or oil con- 
SUMING ea Mee POM Loe eR aR ocier. ae Mike. ean hee os fn per cent. 
Heat lost through incomplete combustion and radiation 
per hour: 
(Di otalgpets outa cent siecitrietne too acco eat acs a3 Baar 


(b) In per cent of heat of combustion of the gas or oil con- 
SUPINE Cl Secret bee ey eet ate S12 Gee bratiea) Sesiekens) ines tie f Aimee St per cent. 
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28. 
29. 


30. 
3l. 


32. 


33. 


34. 


35. 


36. 


37. 
38. 
39. 


40. 


41. 


42. 


43. 


44, 
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Speed, Ete. 


Revolutionssper minute. _...... a: 4a. epee ee rev. 
Average number of explosions per minute............. 

How determined 2 72/24v.4, ... ci aa od ae eee 
Variation of speed between no load and full load ........ rev. 
Fluctuation of speed on changing from no load to full load 

measured by the increase in the revolutions due to the 

change. 

Indicator Diagrams 
Ist Cyl. 2d Cyl. 
Pressure in lbs. per sq. in. above atmosphere: 

(@) Maximum pressure.” tena eee 

(b) Pressure just before ignition ................ 

(c) Pressure at end of expansion ............... 

(2) eExhaustpressureiy. ive nee ee ne eee 
Temperatures in deg. Fahr. computed from diagrams: 

(a) Maximum temperature (not necessarily at 

Maxi PrESsULe) sey eee een 

(G) Just: before ignition... eh 41. eee. ee 

(CA tendioijexpansions a eee ee 

(Gg Durin ekexhatist cea eet a eaten ean een 
Mean effective pressure in Ibs. per sq. in .......... 


Power 

Power as rated by builders: 

(a) Indicated horse-power...../.0 2.002 52./.... 825... Eye 

KO) ESTES oe oesh ce Mica, hoa Bh eae ee an ~ 
Indicated horse-power actually developed: 

Hirst cylinder. Ji 07,2 9S-imn MOOT Oe eee omens Uns ee ce 

pecond.eylinder “yA at enim eee ee Oe fe 

OES INE Bae ult ee cine aun fas ee ee heen Ae a ee 

Brake H. P., electric H. P., or pump H. P., according to the 

class OF engine... '5 1! atea Sheek, ele, ee we Wie tee a 
Friction indicated H. P. from diagram, with no load on 

engine and computed for average speed .............. se 
Percentage of indicated H. P. lost in friction .......... per cent. 


Standard Efficiency Results 
Heat units consumed by the engine per hour: 


(a) Per indicated horse-power ...............0....... Be ete 

(b) Per: brake horse-power <0. 2.3 ajccsn ecco vase, 
Heat units consumed by the engine per minute: 

(a) Per indicated horse-power ....................... eg 

(6) Per brake horse-power .4. <..i...-..0. $50.0 ye 
Thermal efficiency ratio: 

(a) Per indicated horse-power ....................... per cent. 

cc 


(0) Per brake horse-power 4.4; .06.usds eee 


Miscellaneous Efficiency Results 


Cubic feet of gas or lbs. of oil consumed per H. P. per hour: 
(a) Per indicated horse-power ......................... 
(6) Per brake horsespowenitianeu ae 


Heat Balance 


Quantities given in per cents of the total heat of combustion 
of the fuel: 


4 
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(a) Heat equivalent of indicated horse-power ........... per cent. 
(6) Heat rejected in'cooling water .........0265+.00..+. ef 
(c) Heat rejected in exhaust gases and lost through radia- 

tion and incomplete combustion ............... 


Subdivisions of Item (c): 
(cl) Heat rejected in exhaust gases .................. 
(c2) Lost through incomplete combustion ............ 
(c3) Lost through radiation, and unaccounted for ..... 
Sum = Item (c)...... 


Additional Data 


Add any additional data bearing on the particular objects of the test or 


relating to the special class of service for which the engine is to be used. Also 
give copies of indicator diagrams nearest the mean and the corresponding 
scales. Where analyses are made of the gas or oil used as fuel, or of the 
exhaust gases, the results may be given in a separate table. 


TABLE NO. 2 


Data AND ReEsvuLTS or STANDARD Hzat Test or Gas or Ort ENGINE 


Arranged according to the Short Form advised by the Engine Test Committee, 


1 


COND 


American Society of Mechanical Engineers. Code of 1902. 


Made (ine 261 cairn eee nee Cities, bag A nee Pilea Onrs veieee testes 
PEDO AOCALED NEM Rees We oD Soe SE ide OS SAGs Bn dai Ae a 
WR Reel ESE aet LY, Ghat ce he dies AP ak Sate Cd Roos Bh ots oes 


Mp Site -of fuel ised waters Men Ne ste att chreie eed nee ee ae) 


(a) Specific gravity ........ ONS Dee PAE COD Pace a deg. Fahr. 
(6) Burning point ....... pee Mie Nie = elutece cls tdlett tre) oa eh 
KORA SHINS POE mats cea koe ete oe ete ae ee eee 


1st Cyl. 2d Cyl. 
(a) Class of cylinder (working or for compressing 
UBCUCA ATER) crete d ein RAI ee ei ee eee 
(6) Single or double acting .2........0..42..005 
(c) Cylinder dimensions: 


. Dimensions of engine: 


OTS as oid Rar RS hearers tee ae eee: in. 
IU LOK Oly Ser ee heat an SMA come ates ft. 
Diaineter pistom Od.) cb: ae-tarvuescteas ag ak in. 
(d) Average compression space, or clearance in per 
OTIC Raed tire ess sheen tine hare Gos Been emt oat ca 
(e) Horse-power constant for one lb. M. E. P. and 
one revolution per minute ............... 


Total Quantities 


DiPagOURolglesime wat mee resents Fens oR oo arden a ees hours. 
GAS OL.Oll CONSUMES teen fe ae a Peo ews te cu. ft. or lbs. - 


. Cooling water supplied to jackets............0......... 
. Calorific value of fuel by calorimeter test, determined by 


EMA Seite ees CAlOnINc CER En ee ree re Gs kk wT 
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Pressures and Temperatures 


10. Pressure at meter (for gas engine) in inches of water...... ins. 
11. Barometric pressure of atmosphere: 
(Q)ehecading of barometer mare sect ite eee yeeros 
(6) Reading corrected to 32 degs. Fahr............... ae 
12. Temperature of cooling water: 
(a) Tne tive, 1 Gia he seohes tatcca te nett ote ites sate ae ea deg. Fahr. 
(OC) Outlet tei Bee Se ee miele i ors aes eee a 
(ee Desiee ofihumiditye. hari ae ee 
13. Temperature of gas at meter (for gas engine) ............ 
14. Temperature of atmosphere: 
(a) Dry bulb thenmometer=: reese tas eens 
(Om Wet bulbithennometermmnns: =e eee e 
15s Temperature of exhaust, gases: 2 .ne eras oe cee 


Data Relating to Heat Measurement 


16. Heat units consumed per hour (pounds of oil or cubie feet 
of gas per hour multiplied by the total heat of combus- 


GOT) Le shun cM areradice. «cade ete acaer corks tek aN nee ea BeTsu: 
17. Heat rejected in cooling water per hour ................ ee 
Speed, Htc. 
LSseRevolutionsipermuntte eter eter eee ee rev. 


19. Average number of explosions per minute .............. 


Indicator Diagrams 


20. Pressure in Ibs. per sq. in. above atmosphere: 
Ist Cyl. 2d Cyl. 
(@)) Masamumypressureas sae eee eee 
(b) Pressure just before ignition ............... 
(c) Pressure at end of expansion .............. 
(Qe Eixchalistypressurepte 1 ee ieee oon 
(e) Mean effective pressure... .........0seec.- 


Power 
21. Indicated horse-power: 
First. cylinder 4-1. see step aihce ee Wien a ee HS P: 
Second: cylinder te see waek aves. Sneek sateen 
Total sits aie eee Se can a a eee a 
22... Brake hopee*power 624) ois, ais. bec cep Ee ae ss 
23. Friction horse-power by friction diagrams .............. se 
24. Percentage of indicated horse-power lost in friction ...... per cent. 


Standard Efficiency, and Other Results 
25. Heat units consumed by the engine per hour: 


(a) Per indicated horse-power .........%.......++.4-- Beg ule 
(o) Per brake horse-power ....... 2 ..0). 00a ee ee 
26. Pounds of oil or cubic feet of gas consumed per hour: 
(a) Per indicated horse-power ....................... lbs. or cu. ft. 
“ce 


(6) Per brake horse-power 5)..0 2520) ee eee 


Additional Data 


Add any additional data bearing on the particular objects of the test or - 
relating to the special class of service for which the engine is to be used. 


Also give copies of indicator diagrams nearest the mean, and the correspond- 
ing scales. 
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RULES FOR TESTING GAS PRODUCERS AND GAS ENGINES. CODE 
OF THE GERMAN SOCIETY OF ENGINEERS = 


All metric units have been transposed to English units 


The preparation of the following rules for making gas engine 
and producer tests was undertaken by a committee appointed 
from the Verein deutscher Ingenieure, in collaboration with the 
German Society of Engine Builders, with the view of establishing 
definite general regulations governing such tests. It is desirable, 
by specifying the important proportions of the examined plants 
and the conditions under which the results were attained, to in- 
sure that these results are not only applicable to a single case, 
but that they have general value. To attain this end it is neces- 
sary that all data should be given uniformly according to a code 
of regulations such as that here presented. 

The execution of such tests should be intrusted only to per- 
sons possessing the required expert knowledge and _ practical 
experience. These persons must make a trial plan, or schedule, 
appropriate to the individual case in hand, which, in many in- 
stances, will not require that all of the investigations stipulated 
in the general code are actually carried out. They must further 
examine the instruments for measuring or recording purposes as 
to their fitness and must compile the results. The following 
rules, the adoption or selection of which must be left to the 
soundness of judgment of the investigator, are intended to serve 
as a basis on which to proceed. 


GENERAL REGULATIONS 


Object of Investigation 


1. The object of a test made on a producer-gas plant may be 
to determine: 

(a) The quantity, composition, and calorific value of the fuel 
consumed. 

(6) The quantity, composition, and heat value of the gas 
produced. 

(c) The degree of efficiency of the producer-gas plant. 

(d) The separate heat losses in the plant. 


* Mainly from F. E. Junge’s translation in Power, Feb., 1907. 
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(e) The quantity of impurities contained in one cubic meter 
or one cubic foot of gas (dust, tar, sulphur, ete.). 

(7) The moisture contents of the gas. 

(g) The water consumption of the producer-gas plant, either 
total or in the separate parts. 

(h) The mechanical work required for operating the plant, 
including apparatus. 

(t) The duration of time required for starting. 

(k) The stand-by losses during intervals of shutting down at 
day or night times. 

2. The object of a test made on an internal combustion (gas) 
engine may be to determine: 

(a) The indicated capacity and the effective output. 

(b) The mechanical efficiency. . 

(c) The fuel consumption and the heat consumption per 
horse-power hour. 

(d) The consumption of lubricants, separately for cylinder 
and engine. 

(e) The consumption of water and the heat conducted to the 
cooling water. 

(f) The fluctuations in number of revolutions. 

(g) The composition of exhaust gases. 


NUMBER AND DURATION OF TESTS 


Admissible Fluctuations 


3. The number and duration of trials are determined by the 
purpose of the test as well as by a consideration of the conditions 
of installation and operation, and must be settled and previously 
arranged according to paragraphs four to eight. For trials of 
special importance the results of which are decisive for acceptance 
tests, for penalties or for premiums, this item deserves special 
consideration. 

4. Acceptance tests should be made if possible immediately 
after aplant has been put into actual operation; the manufacturers, 
however, must be granted a reasonable time for making preliminary 
trials of their own and for carrying out alterations or improvements 
then necessary. The length of this time and other conditions are 
best agreed upon when drawing up the delivery contract. 


, 
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5. In order to be able to get acquainted with the operation of 
the plant that is to be tested, to find time for examining the 
testing devices employed, and to break in observers and assistants, 
it is desirable that preliminary trials be allowed. 

6. If the fuel consumption in gas producers is to be deter- 
mined, the trial run must be extended over at least eight hours 
under constant conditions and without interruptions. 

7. For determining the consumption of liquid or gaseous 
fuel and provided the conditions are constant, it is sufficient for 
the higher loads to extend measurements over an hour, while for 
finding the consumption at the lower loads, measurements of 
even shorter duration are sufficient. To ascertain the constancy 
of the conditions the temperature of the outflowing cooling water 
must be read from time to time. These rules as to the duration 
of the tests are made with the provision that no interruption or 
disturbance of the trial takes place, and that intermediate read- 
ings show only slightly varying values for the consumption. 

8. If only the mechanical efficiency of an engine is to be 
determined, trials of short duration under constant conditions 
are sufficient; but at least ten sets of indicator cards should be 
taken. 

9. For investigations of special importance at least two tests 
should be made, one after the other. They should be accepted 
only if no interruptions occurred and if the results show no greater 
deviations than those due to unavoidable errors of observation. 
The mean of the two results is to be taken as the final result. 

10. The extent to which the capacity and consumption of 
gas may differ from the guarantee or contract figures, without 
justifying a claim of breach of contract, is to be clearly stated 
before the tests (either in the original contract or in the schedule 
of tests). . When no other agreement has been previously arrived 
at, the capacity guarantee is regarded as fulfilled if the figure 
obtained in the test is not more than 5 per cent below the 
value on which the guarantee was based. This margin, how- 
ever, is allowable only for the maximum output which was 
promised beyond the guaranteed continuous output. The latter 
must be rendered by the engine under all circumstances. 

The consumption of fuel and water as determined on test 
should not exceed the guaranteed figures by more than 5 per cent 
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even if, during the trial, the engine load fluctuated somewhat 
‘from the load upon which the guarantee was based, provided 
that fluctuation do not exceed an average of +5 per cent of such 
load, or a maximum of +15 per cent. 

Since it is often impossible when making tests to have the 
internal combustion engine work at exactly the effective (horse- 
power) capacity on which the guarantee agreed upon in the con- 
tract is based, it is recommended that the agreement shall specify 
the expected fuel consumption for higher and lower outputs. 
The same provision is perferably made also with gas producers. 


UNITS OF MEASUREMENT AND DESIGNATIONS 


11. When giving pressure data it must be stated whether 
absolute pressures or gage pressures above or below the at- 
mospheric are meant. Absolute pressure equals atmospheric 
pressure plus gage pressure. 

12. All temperature and heat measurements refer to the 
Fahrenheit. scale. 

13. The mechanical equivalent of heat is taken at 778 foot- 
pounds. 

14. The calorific value of a fuel is to be taken as its lower 
heating value; that is, the heat which is liberated by the com- 
plete combustion of the fuel when the burnt products are cooled 
down to the original (room) temperature at constant pressure, it 
being assumed, however, that the water of combustion and the 
moisture contained in the fuel remain vaporized. The calorific 
value must be based on the unit quantity or weight of original 
fuel, without deducting ash, moisture, etc., and is to be ex- 
pressed in heat units. For both solid and liquid fuels the unit 
of weight is the pound. 

The heat value of gaseous fuels is based on one cubic foot at 
32 degrees Fahrenheit, and 760 millimeters barometer pressure, 
or must be expressed in thermal units as “effective”? heat value, 
that is, reduced to one cubic foot of actual gas used. If not 
specially stated, it is always understood that the heat value 
recorded is that of gas at 32 degrees Fahrenheit and 760 milli- 
meters barometer pressure. : 

In this country the general standard so far recommended 
seems to indicate for “standard gas” a temperature of 60 degrees 
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Fahrenheit, and a pressure of 14.7 pounds per square inch, cor- 
responding to the usual atmospheric pressure. 

15. The efficiency of ¢ gas-producer plant is the ratio of the 
latent heat contained in the gas as produced to the heat of com- 
bustion of the total weight of fuel consumed in the plant, both 
items being computed from the lower heating value. In pro- 
ducer-gas plants having a separately fired steam boiler, it is 
advisable also to determine the ratio of the heat which is chemi- 
cally bound in the producer gas to the heat equivalent of that 
portion of the fuel which is consumed in the producer proper for 
making such gas. 

16. The unit of measurement used for the power or 
work output of an internal combustion engine is the horse- 
power equal to 33000 foot-pounds per minute. It must be 
clearly stated whether the indicated power, or the useful 
or available power, is meant. If not otherwise designated it 
is understood that the figures refer to the useful or available 
output. 

17. The indicated power of the engine, or the indicated work, 
is the difference between the total power developed or work done, 
and the indicated power, or work, which is consumed within the 
engine; in short, the difference between the positive and the 
negative indicated power or work. 


AutuHor’s Nott. —This is the provision which caused considerable dis- 
cussion among gas-engine experts some time ago. It meansas it stands, that 
in a 4-cycle machine, the indicated horse-power is that determined from the 
work diagram minus the work shown by the lower loop diagram ; and, in a 
2-cycle engine, the total indicated horse-power as determined from the dia- 
gram of the power cylinder minus the pump work is considered as the indi- 
cated horse-power. This view is undoubtedly correct when the mechanical 
efficiency of the engine itself as a machine is to be determined. 


The power required at “no load” is the power indicated when 
no useful work is rendered by the engine. 

18. Mechanical efficiency is the ratio of the useful power to 
the indicated power of the engine. 

19. All consumption figures should be reduced to the hour 
basis, and if they are to be compared with the output of the 
engine they must be based on one horse-power hour. If not 
otherwise agreed upon, these data refer to the useful or available 
output at full load. 
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EXECUTION OF TESTS 


20. If the quantity of gas made in a producer or the weight 
of fuel consumed in an engine is to be measured, then all pipes or 
ducts which are not used in the test must be cut off from the pip- 
ing which leads to the producer and engine that are to be tested. 
This is best done by means of blind flanges. The active ducts, 
pipes, gas holders, etc., must be examined with regard to leakage 
and made tight if necessary. Unavoidable losses due to leakage 
must be determined. This holds especially for masonry gas mains, 


FUEL CONSUMPTION OF A GAS-PRODUCER PLANT 


21. The kind, number, and duration of tests must be agreed 
upon according to the general rules laid down in paragraphs 1 
to 10. 

22. The constructive features and the operative conditions 
of gas-producer plants must be described and illustrated in the 
report by drawings, so far as this is necessary, to arrive at a clear 
understanding of the manner of working and of the results ob- 
tained. 

23. Before making the test the plant should be examined as 
to whether or not it is in good working order. 

24. The quantity of fuel consumed in the gas producer is 
determined by taking the weight of the fuel which is charged 
into the producer during the trials in order that the producer may 
contain at the end of the test exactly the same amount of heat — 
either liberated, or chemically bound in the fuel — that it con- 
tained when starting the test. To meet this requirement it is 
not sufficient that the depth of the fuel bed be the same at the 
end as it was at the beginning; it must also be taken into con- 
sideration what influence the ash and the slag left in the pro- 
ducer, the location of the incandescent zone, the formation of 
fissures and cavities, the closeness or density of the producer 
charge, and the chemical composition of the burning fuel par- 
ticles exercise on the heat contents of the producer. 

In order to comply with this requirement the following rules 
should be followed: ; 

25. When starting the test the plant should be in the 
condition of stability or normal working condition, if possible. 
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This means that after a period of shut-down for cleaning or 
repairs it should be in active operation for one or more days, 
running on fuel of the same characteristics and size, with the 
same depth of fuel bed, the same skill of attendance as regards 
the charging or feeding of fresh fuel and the removing of slag, 
and under the same load conditions that will obtain during the 
test. 

26. During the trial the producer should be charged and poked 
as nearly in accordance with the requirements for attendance as 
possible. The level of fuel charged must be the same at the be- 
ginning and at the end of the tests and should be kept constant 
during the trial. About half an hour before starting and before 
stopping a test, the slag and ashes should be removed. 

If it is impossible to rake out the ashes during the operation of 
the producer, the plant must be shut down immediately after 
stopping the test, the ashes must be taken out at once and the 
producer refilled up to the same level that existed when starting 
the test. The weight of fuel used for this purpose must. be added 
to the consumption. 

27. The fuel consumed during the trial must be weighed, 
also the fuel which has not been burnt and remains useful; that 
is, that portion which drops down from above the grate while 
raking out the ashes, and that which is culled out from the ashes 
as unburnt. The weight of the former may be deducted from 
the consumption, but not the amount which is taken out from 
the ashes, nor the coal dust which accumulates in the scrubbers 
and in the flues between the producer and the engine. 

28. To be able to determine the quantity of ash and slag 
produced during the trial, the ash box must be emptied before 
the test. If this is not possible, as when an inclined grate is 
used, the refuse in the ash box must be equalized before and after 
the run. 

29. The stand-by losses during intervals of shutting down 
at day and night must be determined. 

30. In order to get a representative sample of the solid fuel, 
the following course may be pursued: Of every carload, basket, 
or other measure of fuel, put a shovelful into a covered receptacle. 
Immediately after the test is over, the contents of the receptacle 
should be broken, mixed, spread and quartered by drawing the 
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two diagonals of a square. The two opposite quarters are re- 
jected, the two others broken up finer, mixed and quartered, 
and the two opposite quarters rejected. This is continued until 
a sample of some 10 to 20 pounds remains, which is preserved, 
in well-closed receptacles, for analysis. In addition to this a 
number of other samples must be put away in air-tight receptacles 
for use in determining the contents of moisture in the fuel. 

31. The composition of the fuel shall be determined by 
chemical analysis. Its contents in carbon (C), hydrogen (H), 
oxygen (O), sulphur (S), ash (A), and water (W) must be given 
in percentage of weight referred to the original fuel. The con- 
tents, in the fuel, of nitrogen (N) can be disregarded. The be- 
havior of the fuel when being heated should be determined by 
a coking test. 

32. The calorific value of the fuel must be determined by 
calorimetric analysis. An approximate determination of the 
heating value can be made on the basis of the chemical analysis 
by employing De Long’s formula: 

O 


Heating value = 145 C + 522.3 (x a a + 40 S — 9.66 W 


in which C, O, H, 8, and W are expressed in weight per cent. 


TESTING AN INTERNAL-COMBUSTION. ENGINE 


33. Kind, number, and duration of trials to be agreed upon 
according to the general regulations Nos. 1 to 8. 

34. The constructive features and operative conditions of 
the engine must be so illustrated in the report as to enable one 
to form a correct idea of the manner of working and of the re- 
sults of operation. Especially important are the type and 
capacity of engine, diameter of cylinder and piston-rod, piston 
stroke, contents of clearance space, and other essential dimen- 
sions; the normal rate of revolution and the admissible fluctua- 
tions; kind and heat value of fuel for which the engine is intended. 
The diameter of the cylinder and the stroke should be actually 
measured if this is possible. 

The contents of the compression space are preferably deter- . 
mined by filling with water. If it is impossible to state the 
cubical contents of the compression space, then the compression 
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pressure at full load should at least be given. This is done by 
taking an indicator card while the ignition is interrupted. 

35. Before making the test the engine must be examined 
internally and externally as to whether or not it is in good work- 
ing order. 

36. The number of revolutions of the engine should be deter- 
mined by a continuous speed counter, the records of which must 
be noted at certain intervals, and must be checked or corrected 
from time to time by direct readings. If the speed conditions of 
the engine are to be investigated it is essential to determine the 
following items: 

(a) The number of revolutions under constant conditions at 
maximum load and at no load. 

(b) The fluctuations in speed at constant load. 

(c) The temporary change in the number of turns when the 
load is suddenly decreased or increased from a given constant 
load by a prescribed amount. These determinations can be 
executed with apparatus of the character of the Horn tacho- 
graph. The fluctuations of speed during the performance of one 
engine cycle above and below the mean value, expressed in parts 
of the latter, should be determined by calculation unless other- 
wise provided. 

The coefficient of fly-wheel regulation is 
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where N = number of revolutions. 

37. The useful output can be determined either by brake test 
or by electrical measurement. 

The dimensions and weight of the brake should be determined 
before the trial. 

The electrical measurements can be made on a eenerator 
directly coupled to the gas engine. The useful. work is com- 
puted from the output of the dynamo. The efficiency of the gen- 
erator should be determined by one of the methods as laid down 
in the “Rules for Judging and Testing Electrical Machinery and 
Transformers,” published by the association of German electrical 
engineers. If the efficiency is found approximately by measuring 
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the determinable losses, then an adequate amount (say 2 per 
cent of the full load output) must be allowed for losses not 
accounted for. 

The apparatus with which the electrical measurements are 
executed must be calibrated before and if possible also after the 
test. 

Whether anything besides the 2 per cent above allowed should 
be credited to the gas engine for increased bearing friction and 
windage of the generator must be settled in each individual 
case. 

Whether, in case the useful output can neither be determined 
by brake test or by electrical measurements, the code provision 
for testing steam engines can be admitted as correct for gas 
engines, namely, to designate the useful output as the difference 
between the indicated work at any load and the indicated 
work at no load, cannot be settled at the present state of 
development, since results of accurate investigations are not yet 
available. 

38. Indicators must be connected immediately to the com- 
bustion chamber without employing long piping with sharp 
bends, and one indicator must be provided for every combustion 
chamber. For this purpose each compression chamber must 
have an opening for three-quarter or one inch Whitworth thread. 
The same holds true for pump cylinders. 

The indicators and their springs must be calibrated before and 
after the test according to the accepted standards. 

39. During the test, cards should be taken quite frequently 
from every combustion chamber and from the pump cylinders. 
The cards should be designated by numbers, and the time when 
each card was taken, the scale of springs used and the number 
of single cards obtained must be recorded on the cards. At least 
five diagrams should be taken on one card successively. From 
time to time diagrams indicated with a weak spring should be 
taken from the combustion chambers. 

The indicated work at no load should be determined imme- 
diately after stopping the main test and while the engine is still 
warmed up ready for operation. Care must be taken that the 
no-load cards are not taken during an acceleration or during a 
retardation period of the ‘fly-wheel. 
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ANALYSIS OF THE GAS GENERATED IN A PRODUCER-GAS PLANT OR 
CONSUMED IN AN INTERNAL COMBUSTION ENGINE, OR OF THE 
LIQUID FUEL USED 


40. The samples for the chemical analysis of the gas must be 
taken during the trial at regular intervals and as frequently as 
possible. 

They must be either analyzed on the spot or preserved in 
glass tubes closed by melting the ends. The analysis is to deter- 
mine, in per cent of volume, the contents of the gas in carbon 
monoxide (CO), carbon dioxide (CO,), hydrogen (H,), marsh 
gas (CH,), heavy hydrocarbons and oxygen CONE 

In addition it is reeommended to determine the contents of 
sulfur. The gas samples should be taken from the gas main 
between the cleaning apparatus and the engine. 

41. The heat value of the gas should be determined as 
often as possible by calorimetric analysis, and the burner of the 
calorimeter should be fed from the gas main without inter- 
ruption. In suction producer plants this can be done by 
means of a gas pump drawing from the main. If conditions 
should make it necessary that a sample be taken from the 
pipe while the calorimeter is shut off, such sample to be 
later transferred to and burned in the calorimeter, then the 
quantity of gas so taken should not be less than 300 liters 
(10.59 cubic feet), in order that the calorimeter may at first 
be brought into the condition of stability as regards the water 
of combustion, and in order that at least 100 liters (3.53 
cubic feet) remain available for two successive analyses. The 
suction pump, the gas holder and the piping must be made 
tight with special care when making a calorimeter analysis of 
suction gas. 

42. The gas meter of the calorimeter in which the heat value 
of the gas is determined must be calibrated. For determining 
the temperatures of the calorimeter water, only thermometers 
with calibration certificates or others compared with such should 
be used. The scales must be divided at least into tenths of a 
degree. 

On the basis of the chemical analysis the heating value per 
standard cubic foot of gases which do not contain heavy hydro- 
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- carbons can be computed from ‘the following formula, if a 
calorimetric analysis cannot be made 


Heating Value = 3.42 CO + 2.97 H, + 9.52 CH, 


where CO, H, and CH, are expressed in volume per cent. 

43. The quantity of gas produced or consumed should be 
measured by means of a gas holder or a gas meter. The cross- 
sectional area of the holder should be determined by measure- 
ment of its circumference at several places. Consumption tests 
with the gas holder shall not be made while the latter is exposed 
to the sun. 

44, The gas meter must be calibrated and set level; it must be 
so filled that the water level corresponds to the normal filling 
existing during calibration. Between the gas meter and the 
engine a pressure regulator must be installed or a large suction 
space provided so that the water level shows only small pulsations 
during the pressure fluctuations. 

45. At intervals corresponding to the duration of test the 
following readings should be taken: Position of the bell of the 
gas holder at three places or the records shown by the gas meter; 
the pressure in the bell or in the gas meter; the temperature of 
the gas when entering and when leaving the gas holder or the 
gas meter and before reaching the engine; the barometric pressure. 

46. If the temperature of the gas is different when measuring 
the consumption than when measuring the heat value, the com- 
putation must also take into account the increase of volume 
which is due to the moisture contents of the gas at higher tem- 
peratures. 

47. The consumption of liquid fuel must be determined either 
by weight or by measuring its volume. For determining heat 
value, composition, and specific weight of the fuel one representa- 
tive average sample is sufficient. 

48. When measuring the fuel consumption of internal com- 
bustion engines, the consumption of lubricating oil for the cylinder 
should be determined at the same time. 

49. If the consumption at low loads of a double-acting tan- 
dem or twin engine is to be determined, it is not allowable to shut 
off the gas from one or more ends of the cylinders, provided that 
no other. arrangements have been previously agreed upon and 
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are mentioned in the report, or that the governor acts automati- 
cally in the way described. 
EXPLANATIONS TO VARIOUS ARTICLES OF THE CODE 
The main code is followed by a number of explanations from 
which the following extracts are taken. The figures refer to the 
paragraphs of the above code. 


dd 2 


In most cases only one or two of the objects of test mentioned 
are taken into account in any given trial. If in any exceptional 
case the object of the test should not be any of those mentioned, 
it should be a simple matter to adapt the rules given. 

Under 2 (c) the term horse-power hour is used. It is essential 
that in any given trial this term be more closely defined, as.horse- 
power may mean indicated brake, or even horse-power developed 
by pumps. 

4 

It is extremely desirable that the contract state the time 
allowed the manufacturer for adjustment and trial runs, because 
his own interests may make him call sometimes for a long, 
sometimes for a short period. In the case of a small engine, 
more or less a commercial stock machine, he may wish to have 
the period as short as possible, and this the buyer may agree to 
without danger of loss to chimself. If, however, the machine is 
of a special type, or one provided with special attachments, it is 
but a matter of justice to allow the manufacturer a reasonable 
time in which to break in the engine and to give him an oppor- 
tunity to correct any imperfections that may appear. It is to 
the interest of the buyer to grant such a period in order to 
become familiar with the machine before taking over the entire 
responsibility of operating it. It is also true that many faults 
appear only after some weeks of operation. 

On the other hand, too long a period of adjustment is in many 
cases not acceptable to the buyer, because any extended work of 
improvement usually seriously hampers operation; and because 
in many cases he desires an operative machine, which no longer 
requires the care of the manufacturer, as soon as possible. 

It frequently happens that no acceptance test is agreed upon. 
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In such cases it sometimes happens that the buyer comes back 
upon the manufacturer for faults which did not develop until 
the machine had been in operation some time. 
| If the manufacturer then agrees to an investigation or a test, 
a sufficient period should be given him to make any investigation 
he sees fit or to correct any imperfections that may have appeared 
before the decisive trial or investigation is made. This sometimes 
leads to a simple settlement of the matter in that the manufac- 
turer discovers that ignorance or carelessness on the part of the 
operator have caused the imperfections complained of. The 
granting of such a period also guards the buyer against any later 
claim of the manufacturer that during the trial the machine was 
not in the condition in which he delivered it. 


5 


Preliminary tests are always desirable, but not absolutely 
necessary. The cost of any kind of investigation is usually quite 
high and of course the cost increases directly with the time. 
The expert called will therefore make such tests when they seem 
to him essential. But the manufacturer should have the right 
to call for the time necessary for such trials if he is to present 
the machine in its best condition. 


6 


It cannot be denied that eight hours is a rather short time, 
because it is extremely difficult to determine whether the pro- 
ducer is in the same condition at the end as at the beginning of 
the test, and because this uncertainty may lead to large errors. 
On the other hand it is unquestionable that in many cases a longer 
time would eall forth go many difficulties in operation that eight 
hours would seem the necessary limit. 

The rule is mainly framed to prevent trials of so short dura- 
tion that serious errors can hardly be avoided, but it leaves it 
to the judgment of the experimenter whether to make the tests 
longer than eight hours where it seems desirable and is possible 
to do so. 


ag 


Intermediate readings are recommended without qualification, 
since they form the best criterion of the constancy of conditions, 
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With liquid or gas fuels of constant composition, individual 
readings every five minutes apart sometimes show no variation 
for hours at a time. In‘such a case it is useless to extend the 
time of the trial. 

8 


In determining the mechanical efficiency of an engine it should 
not be forgotten that, although the average load may be con- 
stant, there may be speed variations due to the inevitable in- 
equality of the indicator diagrams, so that during some cycles work 
is done in accelerating the fly-wheel, while during others the fly- 
wheel by retardation gives up some of its kinetic energy. 

To minimize any error that this may introduce into the 
determination of the mechanical efficiency, at least ten diagrams 
should be taken. 

If the conditions are otherwise constant, however, it is not 
necessary to spread these diagrams over any considerable period 
of time. ; 

It is self-evident that during the time of taking the diagrams 
the supply of lubricating oil must not be increased. 

Changes in the mechanical efficiency of the engine, as for 
instance those due to fouling, cannot be detected with certainty 
even by a long test period; they become noticeable usually only 
after a period of operation extending over two weeks. The de- 
termination of the mechanical efficiency of an engine, after con- 
stant conditions of operation are attained, therefore only applies 
to the engine in its then existing state or condition. 

The number of diagrams to be taken on one card cannot be 
definitely stated. On account of variation in the diagrams, 
which is less at high than at low loads, care should be had not to 
take too few. On the other hand it is useless to take more than 
can be clearly distinguished. The running together of a larger 
number of diagrams only makes their evaluation more uncertain. 


10 


In consideration of unavoidable errors of observation; possible 
errors of the instruments used, etc., it is meet and usual to allow 
a certain margin between the figures found on trial and those 
guaranteed. In the steam engine code 5 per cent is allowed for 
this, and it seems reasonable to assume the same figure in this 
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case. Only in one point, in the guaranteed normal capacity, 
does the gas engine call for an exception. 

A given steam engine gives its most economical results at a 
certain cut-off, but a higher capacity can always be obtained at 
the expense of a little economy, that is, a buyer is certain that 
even a machine slightly too small will give him sufficient ca- 
pacity. A gas engine, on the contrary, works with the greatest 
economy at its maximum load. It is to the interest of the buyer, 
therefore, to get an engine exactly suited to his needs and not to 
choose it too large. It is possible for the same reason that any 
engine, if lacking slightly in guaranteed capacity, may become 
absolutely useless to the buyer. For these reasons it was thought 
advisable not to grant the manufacturer any leeway whatever 
as regards guaranteed capacity. 

It is clear, therefore, that the manufacturer must take upon 
himself any possible inaccuracies in the measurements, unless he 
can show them up and demand a new trial. For that reason it is 
well for him to make his guarantee a little on the safe side of what 
he knows his engine is capable of developing. On the other hand, 
there is no harm done to the interest of the buyer if the manu- 
facturer underrates the normal capacity of his machine, because 
the former will always call for an engine of a certain normal 
capacity to suit his needs. If he fails to do this, but places his 
dependence in the guaranteed maximum capacity, he is open to 
the charge of carelessness. 

Since during acceptance tests it is often not possible to keep 
the load quite constant, it became necessary, following the steam 
engine code, to allow a certain amount of variation, within which 
no just cause could be found for objection to the trial. There 
are cases where the variations occurring are much greater, as 
when a gas engine is used for driving a roll train. But no one 
set of “Rules” can possibly take into account all such extreme 
cases, and in such instances the contract should contain the 
necessary agreements to make any test clear and free from sub- 
sequent objections. 

The wish has been expressed from several quarters, that the 
“Rules” should contain a definition of the term “Normal Ca- 
pacity.”” On account of the peculiarity of the gas engine above 
discussed this is not quite feasible. But the term “Maximum 
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Continuous Capacity’ perhaps defines most nearly what is in- 
tended in most cases. 


a 


14 


It is sometimes the case that the heating value of the stand- 
ard cubic foot, that is, reduced to 32 degrees Fahrenheit and . 
760 mm. barometer, is so greatly different from the actual value 
of the gas as used, that any contract which contains only the 
heating value of the gas stated on that basis does not convey 
much meaning to the non-technical buyer. If for instance a 
given gas has a heating value of 1385 B. T. U. per standard cubic 
foot, its effective heating value at a high altitude and in a warm 
climate, say at 68 degrees and 620 mm. barometer, will only be 
about 100 B. T. U. per cubic foot. To obviate any misunder- 
standing, it should be clearly stated that, when the “effective” 
heating value of the gas is not definitely specified, the heating 
value at 32 degrees Fahrenheit and 760 mm. barometer is meant. 


i9 


By “full” load is meant the normal capacity, as per para- 


graph 10. 
23 


For acceptance tests, and all other tests which are intended 
to decide any disagreements between manufacturer and buyer, 
such examination should be carried out in the presence and with 
the aid of the former, as-already mentioned under paragraph 4. 


24-26 


In all gas producer tests it is hardly possible with certainty to 
have all conditions exactly the same at the end as at the begin- 
ning. But since any difference in the beginning and end con- 
ditions may lead to considerable error, which can only be 
equalized by excessive length of test, the “Rules” are intended 
to operate to the end that such errors are not in any way magni- 
fied by the method of test. Hence the detailed statement in the 
regulations. 


27 


Since in actual operation the fuel in the ash or the coal dust 
in the gas mains are hardly ever utilized, no correction should 
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be made for these on any trial. In order to prevent, however, 
that the results are influenced by insufficient cleaning of the 
producer, any fuel which falls out from above the grate dur- 
ing the cleaning period may be subtracted from the amount 
charged. 

35 


See explanation under 23. 
37 


A brake test of a large engine is in some instances not possible, 
and in any case a matter of considerable cost. In many cases, 
however, the larger gas engines are either direct connected to a 
generator or to some other power consumer, as a blowing cylinder. 
In the former case electrical measurements, from which the 
effective horse-power may be determined, are easily made. In the 
latter case the capacity guarantee will in most instances be based 
upon the performance of the power consumer, as for example 
the air compressed by the blowing cylinder. Outside of engines 
of this type, however, there still remain many cases in which it 
would be of the utmost value to have some means of determining 
the effective capacity, and it should not be forgotten that, even 
in the case of medium-sized machines, a braking of the engine at 
the place of erection is often, on account of local restrictions, very 
difficult. The problem has been solved for steam engines by 
assuming that the difference between the indicated horse-power 
at any load and the indicated horse-power at no load is the effec- 
tive or useful horse-power. It is quite possible that in many 
cases this is not quite correct, but the method is very generally 
accepted and followed. , 

On account of the great overload capacity of the steam engine, 
a small error in this respect does not mean a great deal. But the 
case of the gas engine is quite different. The data on hand does 
not warrant the application of the same method to the gas engine, 
and the consequences of an erroneous conclusion are much more 
serious on account of the lack of overload capacity. 

For these reasons one is compelled in some cases to omit the 
determination of the effective capacity altogether and to be con- 
tent with the determination of the indicated power only. It is 
recommended in such cases that the mechanical efficiency be not 
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assumed too high and that any guarantees regarding fuel, etc., 
also be based upon the indicated horse-power. 

It is sometimes possiblé to brake an engine on the test floor 
of the factory. The mechanical efficiency may thus be previously 
determined when it is known that no brake test can be made in 
the final place of erection. 

39 


The number of diagrams to be taken during any given test 
cannot be definitely specified. Much depends upon the length 
of test, and the decision may be left to the judgment of the 
experimenter. 

It is, however, always recommended that a bundle of diagrams, 
instead of only one, be taken on every card. Thus a series of 
diagrams are obtained, while, if only a single diagram is taken, it 
is possible to hit upon the same diagram in the series a number 
of times. (See under extract 8.) 

The work of fluid friction, that is, the lower-loop diagram, 
cannot be determined with certainty from the full indicator 
cards. It is best for that reason to ignore the loop when deter- 
mining the positive work and to find the negative work from special 
weak spring diagrams. 

48 


The measurements of the quantity of lubricating oil used is of 
importance in smaller engines, because the fuel consumption can 
be favorably influenced by a copious supply of the lubricant. 


49 


If under low loads, only one end of the cylinder is allowed to 
work, the fuel consumption would be much lower. But since 
this is not generally done in operation, the results would be 
erroneous. If, however, the governor during operation shuts off 
the individual cylinders or cylinder ends, as the load drops, this 
is of course also permissible during a test. 


CHAPTER XVII 
THE PERFORMANCE OF GAS ENGINES AND GAS PRODUCERS 


1. As indicated in the rules for testing, the very great ma- 
jority of tests of engines are made to determine capacity and fuel 
consumption. In some special cases, as with engines driving 
generators, tests are also sometimes made of the regulation. 
These three tests together take care of what may be termed the 
commercial side of testing. All other tests are special in that 
they are not often executed in an acceptance test, but form in 
most cases the object of scientific or laboratory investigation. 

Such investigations are in many instances very valuable, and 
have served to throw a flood of light on the somewhat complex 
cylinder actions of the internal combustion engine. It was thus 
found that the temperature of the cylinder walls, z.e., the cooling 
water conditions, piston speed, ignition, proportion of mixture, 
compression, etc., all had a more or less marked effect upon 
engine performance. In the following the results obtained and 
the conclusions drawn by various experimenters concerning the © 
effect of these various factors are briefly set forth. 

The main bulk of this work has been done by Witz in France, 
Slaby and E. Meyer in Germany, and Burstall and others in Eng- 
land. In spite of the fact that none of these investigations are 
open to serious objection on the score of inaccuracy, the con- 
clusions arrived at are not always in accord. This is undoubtedly 
due to the complexity of the cylinder actions, and the inter- 
dependence of the various factors entering the problem. 

2. Cooling Water Conditions and Piston Speed. — It is rea- 
sonable to suppose that the higher the wall temperature of the - 
cylinder, 7.e., the smaller the temperature difference between 
mixture and wall and the greater the piston speed, cutting. 
down the time of exposure, the smaller the loss to the jacket. 

The heat thus saved, however, may go in two directions: either 

530 


PERFORMANCE OF GAS ENGINES ddl 


a greater thermal efficiency is shown, resulting in greater power 
developed for the same expenditure of heat, or the heat saved 
from going into the jacket is lost in the exhaust. 

Witz, upon the basis of his experiments, comes to the former 
conclusion, and says “The action of the jacket is the great regu- 
lator of combustion phenomena.” He summarizes his results as 
follows: 

1. The efficiency increases with the piston speed and with the 
temperature of the surrounding walls. 

2. The combustion of explosive mixtures is the more rapid 
the greater the speed of expansion and the hotter the cylinder 
walls. 

The work of Slaby and of Meyer, however, seems to contro- 
vert these conclusions. Some of Slaby’s tests show that while 
the gas consumption per horse-power hour decreases somewhat 
with an increase in the piston speed, there is an increase in 
the consumption with a rise of jacket water temperature. The 
following table of figures, quoted by Schéttler from some of Meyer’s 
tests, illustrates the point that the heat saved from the jacket 
by higher piston speed may go to the exhaust, leaving the ther- 
mal return practically unaffected. 














MEAN 
EFFECT- TinauNG Work ExHAust Heat Distripurion 
LUE OF|DONE BY 
; IE Cuarce |1B.T.U.| T=M?- aN 
i of RPM PRESSURE] Ratio e eae 
O35 sees Air toGas|-7 z 
pression ad Ticket 
oO. ° acke 
Seach B.T.U."| Ft. bs. F Work Water Exhaust 





2.67 Si ibe 3) eral 18.5 140 1022 18.0 | 51.2 | 30.8 
ZED Ne 2AT MS Siete 7.385 17.4 141 1137 | 18.1 45.6 | 36.3 
4.32 187 | 69.3 | 7.43 17.0 190 867 | 24.4 | 53.8 | 21.8 
4.32 | 247 | 65.2 | 7.40 16.8 184 992 | 23.7 | 49.5 | 26.8 








In tests of this kind there are one or two simultaneous actions, 
not directly under control, which may serve to modify the final 
result and account in a measure for the discrepancy appearing 
in the results above discussed. An increase in the temperature 
of the walls or an increase in the piston speed both cause a de- 
crease in the charge volume, the former by heating the incoming 
charge and decreasing the density of the mixture, the latter by 
increased friction loss in pipes and ports. The direct result of 
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this is that the effect of the action of the cylinder wall upon the 
leaner charge is proportionately . greater. Thus the beneficial 
effect. of greater piston speed may be partly annulled by the 
relatively stronger action of the walls. Further it is true that a 
smaller: charge weight means a lower compression pressure, and 
the comparatively greater admixture of burned gases at high 
speeds causes a less rapid combustion. Both of these actions 
tend to decrease the efficiency. There are thus several antago- 
nistic actions, and the final result is consequently in many cases 
quite problematical. 

The net result of an increase in the cylinder wall temperature 
or of the piston speed, or both, in an existing machine, is cer- 
tainly a decrease of maximum capacity for reasons already 
pointed out. Further, the effect of a variation in the temperature 
of the jacket water, while perhaps not quite so marked in engines 
using gas, is certainly quite noticeable in liquid fuel engines, 
especially those using kerosene or alcohol. It is quite possible 
in kerosene engines, by running the jacket too cold, to increase 
the oil consumption seriously by condensation of the oil vapor on 
the comparatively cold cylinder surfaces. The same holds true of 
alcohol. Thus hot walls are in such cases of undoubted benefit. 
The limits to temperature are, of course, on the one hand, de- 
crease of engine capacity; on the other, danger of pre-ignition. 

3. Compression. — The theoretical effect of increasing the 
compression, and the commercial limits to this increase have 
already been discussed in Chapter III. Much of the increased 
efficiency of blast furnace and producer gas engines as compared 
with illuminating gas and liquid fuel engines is directly due to 
the greater compressions that the former fuels can stand. The 
above table of Meyer’s results gives some idea of the gain that 
can be made with illuminating gas by increasing the compression. 
With a compression ratio of 2.67, the average thermal efficiency 
was 18.05 per cent, with a ratio of 4.32 the average was 24.05 per 


24.05 — 18.05 
cent, a gain of i808 aoa 33 per cent. 


Another test made by E. Meyer * on a 10 horse-power engine, 
which was operated with illuminating and with producer gas, 
gave the following results: 


* B. Meyer, Z..d. V. d.1., July 5, 1902. 
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InpIcATED THERMAL EFFICIENCY 








Compression RATIO _ : 
With Illuminating Gas With Producer Gas 
4.98 20 24.4 
4.59 26.5 23.2 
3.84 24.8 21.5 








Here again the beneficial influence of the higher compression 
is marked, although the gain is not so great as in the former case, 
owing to the smaller change in the compression ratio. 

Other instances pointing to the same result can be adduced 
without difficulty. See the next table below, also by E. Meyer, 
who has done an immense amount of work in the investigation 
of gas engines. Bdnki took advantage of the principle in his 
gasoline engine, in which, by using water injection, he could 
employ compression ratios similar to those used in producer gas 
work and realized thermal efficiencies fully equal to those realized 
by the leaner power gases. 

4. The Mixture. — The inherent advantage of the use of lean 
mixtures has already been shown in Chapter III. Burstall * on 
the basis of his tests for the British Institution of Mechanical 
Engineers, concludes that the thermal efficiency depends upon 
the correct choice of the mixture, and that the ratio of air to gas 
should increase with the compression. His results, however, do 
not definitely warrant the latter part of this deduction, although 
it finds some support in the above-mentioned tests by Meyer, t+ 
as shown by the following table: 











Test No. Ratio of Compression Ratio Air to Gas ae eoeuetion Or 
1 6.41 27.1 
2 t Ss ai67 8.08 25.4 
3 6.38 22.6 
4 i 12-8 3.23 8.07 21.6 
5 5.93 20.6 
6 t few 3.87 8.29 18.5 
7 6.00 19.4 
8 } ae ae 8.35 17.9 














* Proceedings, 1898, p. 209. { E. Meyer, Z.d. V. d.I., 1899, p. 361. 
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This table shows that, whatever the ratio of compression, the 
gas consumption is less with the leaner mixtures. The cause for 
this, besides the theoretical reason, may possibly be found in the 
fact that with leaner mixtures the maximum temperatures in the 
cycle are lower than with rich mixtures, always assuming, of 
course, that the mixture contains no excess gas. 

How the efficiency of an engine may be affected by careless 
setting of the fuel valve is well shown in some results quoted 
by Lucke.* The test cited is on a 10 I. H. P. Otto engine 
governed by hit and miss. The fuel used was carbureted 
water gas. 














Gas Valve Number Efficiency 


16.0 
16.5 
18.0 
19.0 
10.0 


C1 5300 © 








It is quite evident from the figures that the last setting wasted 
a lot of unburned gas, while the leaner mixtures were inefficient, 
probably due to sluggish combustion. The same thing was 
noticed in a series of tests on German alcohol engines, in which 
it was found that the setting of the fuel needle valve had a pro- 
nounced effect upon the economy. 

5. Variation of Point of Ignition. — The effect on the appear- 
ance of the diagram of varying the point of ignition has already 
been discussed. To get some idea of the influence of varying 
time of ignition on engine capacity and efficiency, the following 
figures are given. The first set | was obtained in determining 
the range of adjustment of the igniter gear on an 8” x 12” hori- 
zontal hit-and miss-engine, running 265 r.p.m. on natural gas. 


* Lucke, Gas Engine Design. 
+ Obtained through the courtesy of Mr. A. B. Gould, of the Wellman, 
Seaver, Morgan Co., Cleveland. 
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Cant No. ees Pree ee Max. herd ons iy ate 
8 35° 47 Ibs. net 
9 33° 47 
10 32° 2G name 
ii 24° AT RES 
ib 23> 444 46 
13 ie BAe att 








The accompanying indicator cards are shown, much reduced, 
in Fig. 17-1. The scale of spring was 160 pounds. 


es 


Max Press. 2487 


Fig. 17-1. 


The second set of figures is due to Mr. J. R. Bibbins, and was 
published by him in the Michigan Technic for February, 1907. 
They are here reproduced by permission of the author, obtained 
through Mr. R. D. Day of the Westinghouse Machine Co. The 
tests were made on a 9 x 11”, 2-cylinder Westinghouse gas engine. 
The load was kept constant at about 70 B. H. P., the speed was 
held constant at about 300. r.p.m. The gas used was natural 
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gas with a constant lower heating value of 934 B. T. U. The 
point of ignition was changed by steps from dead center to 55 de- 
gree crank angle ahead of the center, that is, the spark was ad- 


vanced to that extent. 





The following table shows the results: 














1 
; | Pressures Lps. 
inition Load | p pw Bn HP. eo a Eiheioney Relative t sq. inch 
Degrees | B.H. P. odes hour Hong on Brake | Efficiency 
early cu. ft. 70 Max. Release 
0 70.0 292 14.38 13410 19.0 .815 151 36 
8 70.8 295 13.34 12470 20.4 875 | 168 36 
20 71.0 296 12.36 11530 2A 947 | 177.5 33.6 
25 71.0 296 1253 11490 22.2 95L | 220.5 Slee 
30 lee 297 eal 10940 Dow 1.000 | 252 B12 
35 11.3 297 12.03 11230 22.50 912 | 252 28.8 
45 idee 296.5 | 12.40 11590 21.9 .942 | 379 28.8 
55 70.0 292 15.74 14700 173 .742 | 487 24.0 




















The results of the test are shown graphically in Fig. 17-2. 
The best lead angle for the sparking gear appears to be between 
30 and 35 degrees, in which this test agrees closely with the re- 
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sults obtained by Mr. Gould on a similar engine. Fig. 17-3 shows 
the typical indicator card accompanying each igniter position. 
6. Engine Economy depending upon Load. — As is the case 
in the steam engine, the efficiency of a gas engine decreases as 
the load decreases below the normal. The amount of this de- 
crease in various engines is variable, depending mainly upon the 


Sie | SG 


IGNITION O° IGNITION 8°E 
IGNITION 20°E IGNITION 25° 
IGNITION 30°E IGNITION 35°E 
é 
an | 
IGNITION 45°E IGNITION 55°E 
Fig. 17-3. 


kind of fuel used and the system of governing employed. The 
following set of curves, Fig. 17-4, makes this clear. Regarding 
the range of load above normal, however, it is found that, while 
a steam engine generally shows a decrease in efficiency for over- 
loads, the gas engine usually shows a greater efficiency at the 
maximum load than at the normal; in other words, just as long 
as a gas engine keeps up the normal speed under an increase in 
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load the thermal efficiency will rise with the load. A few typical 
efficiency curves are shown in the figure. The data for these has 
been collected from various sources, as shown in the accompany- 
ing table: f 




















he Type of Engine B.H.P.|R.P.M. Fuel Governing Reference 
1 | Deutz, Single 50 | 200 | Ill. Gas_ | Throttling| E. Meyer, 
Cylinder Gas. “Z.d. Vid. 1s, 
1898. 
2 | Westinghouse 100 | 270 | Natural | Throttling | Robertson, 
3-cycl. Vert. Gas. Mix. 1899. 
3 | Deutz. 450 | — | Producer st Guarantee 
Gas. Fig. for en- 
tire plant. 
Josse, 1904. 
4 | Giildner, Single- 35 | 220 | Producer | Throttling | Gildner, 1906, 
cylinder. Gas. for plant in- 
cluding 
generator, 
5 | Nurnberg. 1200 | 106 | Blast= Throttling | Riedler, 
Furnace! Gas. Gross-Gas- 
Gas. Maschinen, 
- 1905. 
6 | Swiderski, Single-| 15 | 235 | Alcohol. | Hit& Miss.) E. Meyer, 
cylinder. Le deVid le, 
1903. 
7 | Deutz, Single- 12 | 285 | Alcohol. | Throttling. co 
cylinder. 

* 8 | Diesel. 70 | 158 | Russian | Cut-off. sf 

Kerosene. 
9 | Diesel. 8 | 275 s . y 

10 | Hornsby-Akroyd | 25 |/202 | Kerosene. Rees Robinson, 
: il. 1898. 

11 | Bank. 25 | 210 | Gasoline | Hit& Miss.| Jonas and 
with water Taborsky 
injection. Z. d. Oest. 

Arch.& Ing 
V., 1900. 

















7. The Heat Balance. — Accounting for the heat furnished 


to a heat engine is called constructing the Heat Balance. 


In an 


internal combustion engine the heat supplied to the engine is that 
contained in the fuel furnished to the engine in a given time, if 
the temperature to which all heat calculations are referred is 
taken as room temperature. It is usual to account for the heat 
in four separate items: 

1. Heat represented in indicated work. 

2. Heat carried off in the jacket water. 
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3. Heat lost in exhaust. 

4. Heat loss due to radiation, conduction, etc. 

Of these the first and second items admit of accurate determina- 
tion, the fourth is nearly always found by difference between the 
sum of the other three items and the heat supplied. Item three 
is much more difficult of exact determination. Its calculation 
involves the determination of the weight of exhaust gases and of 
the specific heat of these gases at exhaust temperature. 

The only accurate way to find the weight of the exhaust 
gases is by metering or otherwise determining the air supply to 
the engine. The weight of the exhaust gases is in all cases the 
weight of air plus the weight of the fuel. 

There are two other ways sometimes employed, but either one 
can only give approximate results. One of these determines the 
charge weight from the piston displacement. This involves 

(a) The volumetric efficiency of the suction stroke, and 

(b) Some assumption as to the temperature of the charge at 
the end of the suction stroke. 

It is possible to determine the volumetric efficiency with fair 
accuracy by means of a weak Spring card, but the second point 
offers much more difficulty. The charge at the end of the suction 
stroke, taking the case of a gas engine, consists of a certain amount 
of air, of fresh gas, and of burned gases from the clearance. The 
entering temperature of air and of gas can be accurately deter- 
mined, but the temperature of the mixture, as it enters the cylin- 
der, changes, due to contact with the hot walls and to mixing 
with the clearance gases. Nothing is definitely known of the 
weight of the clearance gases, for although their pressure and 
volume are known, nothing is known of the temperature. Hence 
neither the wall effect nor that due to the clearance gases can be 
definitely gaged and_ all temperature computations therefore 
become approximate. The only positive way of determining 
the temperature at the end of the suction stroke is by actual 
measurement. This has been successfully done, but the apparatus 
is not such as could well be employed in ordinary testing. 

It must be evident, therefore, that piston displacement meas- 
urement of the weight of the exhaust gases can be approximate 
only. To cite a case in point, the test of Brooks and Stewart, 
mentioned in Chapter V, showed an actual ratio of air to gas on 
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test of 6.63, while piston displacement computation showed 
8.32. 

The second approximate computation for the weight of the 
exhaust gases is based upon the exhaust gas analysis. The 
method of doing this has been explained in detail in Chapter VI. 
The trouble with this scheme lies in the difficulty of obtaining 
representative gas samples. But granting even that these are 
obtained, it is often found that computations based upon the 
analyses show an excess coefficient smaller than that really used. 
That is, the weight of exhaust gases so determined is less than 
the actual amount. Thus, Schéttler, in computation on some 
of Slaby’s tests, shows in one case that, based upon analysis, the 
excess coefficient was 5.52, while in reality it was 6.2. Schottler 
attributes this discrepancy to a change in the analysis due to a 
burning up of the lubricating oil, which is apt to increase the 
CO, content of the exhaust gas at the expense of the percentage 
of O. It has been shown that a variation in the supply of lubri- 
cating oil may change the fuel consumption under circumstances 
quite materially, and Schottler’s surmise is therefore probably 
correct. At the same time, however, any such effect must be 
more marked in the smaller machines, and the writer ‘believes 
that, given representative samples of exhaust gas from any- 
thing but the small machines, in conjunction with accurate fuel 
analysis, a very close approximation to the actual weight of 
the exhaust gases can be obtained. At any rate the method 
should be more accurate than that based on piston displace- 
ment. 

Finally, it should not be forgotten that even an accurate 
determination of the air supply still leaves open the question of 
the specific heat of the exhaust gases. 

The heat balance of the four items above outlined is sometimes 
shortened to three by combining items 3 and 4 and determining 
their sum by difference. On the other hand, a balance of many 
more items can be drawn up. Thus each event of the cycle may 
be examined by itself and the heat and energy interchanges be 
determined. A very detailed balance of this kind is given in 
Schottler’s “Die Gasmaschine,” p. 321. How far this question 
needs to be entered into depends altogether upon the importance 
of the test, but an effort should be made in every case to so arrange 
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the apparatus that at least a heat balance of the kind first dis- 
cussed can be drawn up from the results of the test. 

8. Results of Tests of Engines and Gas Producers. — By this 
term is here meant the results shown by engines or producers 
when operated under normal conditions and at or near normal 
load. The number of tests from which this data can be obtained 
is at the present writing quite large, and some notable collections 
of test data have been made. The most extensive is perhaps that 
contained in Appendix A of Brian Donkin’s “Gas, Oil and Air 
Engines.” This collection consists of eleven tables, arranged 
according to fuel used, containing in all some 280 tests. Another 
large collection is that found appended to Witz’s “Moteurs a Gas 
et 4 Pétrole.” Such collections are valuable as showing what 
has been done, and serve as a guide as to what may be expected 
from an engine under design or construction. The greatest care, 
however, should be exercised to see that only reliable data is 
incorporated. 

Enetnn Trsts.— Table I (pp. 544 and 045) contains a 
series of engine test data taken from various sources. The 
tests are arranged according to the kind of fuel used, this 
being the most logical way. In some cases not all the data 
is given in the original report. Wherever possible computations 
have been made to make the items complete. In many cases, 
however, not enough information is given to permit of this, and 
the record necessarily remains incomplete. 

ESTS OF PRODUCERS AND PropucrerR PLANTS. — Table Ti: 
p. 546, gives some of the results obtained on tests of producers. 
In some cases the tests refer to producers only, giving no data 
regarding the engine used; in others the data is fairly complete 
for the entire plant. 
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In conclusion, Fig. 17-5 shows a set of curves drawn by C. H. 
Day in 1905 during an investigation on the economy of producer 
gas. The curves show thé relation between cubic feet of gas used 
and brake horse-power for various kinds of gas. While it must 
be understood that they are approximate only, they represent 
a fair general average of what is accomplished to-day. Many 
plants show much better fuel consumption, but others show 
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correspondingly worse. The curves also show in a measure the 
sizes up to which the various engines are built. Thus an illu- 
minating gas engine of 150 horse-power is a large engine of its 
type. Producer plants in 1905 apparently were not built much 
larger than 500 horse-power, while natural gas and blast furnace 
gas engines are built exceeding 1000 horse-power, and for the 
. latter gas 2000 and 3000 horse-power is not out of the ordinary. 


TABLES Tt. 





























' DIMENSIONS AND OTHER DATA 
Name R 
Kind of Fuel of ee R.p.m. 
Raging 2) piace Sint sai 
+ |Stroke ‘ ingle or 
ee Teh. No. of Cyls.|2 or 4-cycle DoubleAce 
Illuminating Gas _ |Koerting —_ — _— 4 S — | 161 
Illuminating Gas _ |Deutz 4.96} 5.92 1 4 S 2 | 260 
Illuminating Gas_ |Giildner — |- 1 4 Ss 15 —_— 
Illuminating Gas _ |Giildner 10 15.7 1 4 S 20 | 210.7 
Illuminating Gas |Banki —_— _ 1 4 S 16 | 255 
Illuminating Gas |Tangye 10 19 1 4 Ss — | 193.6 
Illuminating Gas |Crossley a 15 1 4 S “| — | 200 
Illuminating Gas_ |Westinghouse — —_ 3 4 S — | 235 
Natural Gas Westinghouse | 25 30 3 4 S 550 | 150 
Natural Gas Snow 25 48 4 4 — = = 
Natural Gas Otto 11.25 | 18 1 4 = 36 | 220.4 
Natural Gas Walrath 13 14 3 4 S 75 | 253.3 
Producer Gas R. D. Wood 25 30 2 (Tandem) 4 S 300 | 149 
Producer Gas Westinghouse — — 3 4 S — | 235 
Producer Gas Crossley 26 36 — 4 Ss — | 152.4 
Producer Gas Koerting 21.6 | 37.7 1 2 D — } 101 
Producer Gas Deutz — — — 4 —_ —:| 161.6 
Coke Oven Gas Oechelhaiuser | 65 87.5 1 2 2 pistons in| 500 | 110.6 
(Borsig) 1 cylinder 

Mond Gas Crossley 16.9 24 |2 (Opposed) 4 S — | 162 
Mond Gas Crossley 26 36 |2 (Opposed) 4 S 400 | 148.5 
Blast Furnace Gas|Niirnberg 33.5 | 43.4 |2 (Tandem) 4 D — | 105.6 
Blast Furnace Gas|Berlin-Anhalt | 16.95 | 27.5 1 4 S 60 | 160.6 
Blast Furnace Gas|Cockerill 51.2 | 55.2 1 4 D — 94.57 
Gasoline Fairbanks 6.5 9 i 4 S 7 300 
Gasoline Springfield 6.5 | 12 1 4 S 6 230.4 
Gasoline Lozier 5 6 1 2 S 5 513 
Gasoline Westinghouse 6.75) 8 Z 4 S 10 | 289.7 
Gasoline Banki —_— — 1 4 Ss — | 209.1 
Gasoline Daimler 3.56| 5.11 4 4 S 16-20} 400 
Gasoline Daimler 3.56] 56.11 4 4 Ss 16-20) 600 
Gasoline Daimler 3.56] 5.11 4 4 S 16-20) 1000 
Kerosene Diesel 10.23 | 16.16 1 4 S — | 186.6 
Kerosene, Russian | Diesel 15.75 | 23.65 1 4 S 70 | 158.8 
Kerosene, Russian | Diesel 6.65 | 10.60 1 4 Ss 8 | 270.3 
Kerosene Priestman 10.9 | 14.1 1 4 S ae) Ae 
Kerosene Grob & Co. 9.07 | 9.07 1 4 S 8 | 266 
Kerosene Swiderski 10 10 1 4 S) — | 249 
Kerosene Koerting 6.9 | 10.82 1 4 S — |} 222 
Kerosene Blackstone it 12 1 4 5 — | 240 
Kerosene Stevenson 9.5 | 18 1 4 S — | 200 
Kerosene Hornsby 8.2 | 14 1 4 S — | 213.8 
Kerosene Hornsby 14.5 | 17 1 4 S 25 | 202.6 
Crude Oil Diesel — — — 4 S 225 | 169.1 
Alcohol, 86.1 vol.%|Deutz 8.35 | 11.8 1 4 
Alcohol, 86.1 vol.%|Marienfelde | 9.951 15:75 1 4 8 id | tore 
Alcohol, 86.1 vol.% | Koerting 6.16} 9.95 1 4 S 6 | 307.3 
Alcohol, 87 vol. % |Banki — — 1 4 5 20 | 225 
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Hear Distriurion, % 





Thermal Eff. 


References and Remarks 





H.P. on Test 
REP. BAP: 
= 108.1 

2.30 1.72 
35.9 — 
—_ 17.03 
28.6 25.4 
14 12 
196.5 147.5 
618 550 
736.7 594.5 
36.3 28.8 
86.7 78.7 
242 169 
173.6 | 124.8 
377.9 313 
481 341 
81 70.4 
765 (net)| 628 
(Blowing 
Cyl). 
141.6 — 
440 364 
1427 1186 
79.5 54.5 
786.16 | 575 
11.28 7.23 
9.63 6.16 
6.28 4.92 
9.19 5.58 
—_— 26.4 
30.46 20.81 
88 69.6 
11.19 8.6 
10.69 10.18 
11.68 9.22 
— 10 
— 4.15 
—_— 3.05 
— 12.44 
6.07 4.95 
31 26.74 
— 249.7 
— 16.8 
— 19.77 
— 7.39 
— 32.13 
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CHAPTER XVIII 
COST OF INSTALLATION AND OF OPERATION 


1. Cost of Producers and Engines. — With the approach to 
standardization of the design of the internal combustion engine 
there has also come a tendency toward standard prices. The 
figures available, however, for anything but small engines are not 
plentiful. This is no doubt due to the fact that large installations 
are as yet not numerous and information is correspondingly 
scarce. The writer has been able to glean the following data 
from current literature: 

Propucers. — The Gas Engine, June, 1906, gives the follow- 
ing figures for producers: 

Pressure Producers, erected complete but not including freight, 
$25 per horse-power for hard coal, and $27 per horse-power for 
soft coal producers. These figures are for sizes in the neighbor- 
hood of 300 horse-power. The cost is distributed approximately 


as follows: ‘ ’ 
25 per cent in the producer. 


15 per cent 4n the scrubber. 
30 per cent in the gas holder. 
30 per cent in piping and fittings. 


The increased cost of the bituminous coal plant is mainly due to 
greater cost of washing apparatus. 

Suction Gas Plants will, on a rough estimate, cost only about 
one-half the above. The reasons for this are greater capacity of 
producer and the elimination of the gas holder. One maker gives 
the following approximate figures for the price of suction gas 
plants from 25 to 250 horse-power. 

: 400 
Price per horse-power = $11 + LP. 
Thus a 25 horse-power plant would cost $37.00 per horse-power, 
and one of 250 horse-power $12.60 per horse-power. In the 
writer’s experience practice agrees fairly well with these figures. 
547 
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Enocrnes. — The cost of stationary gas engines at present 
seems to range from about $70 per horse-power for very small 
engines to in the neighborhood of $25 per horse-power for 
large ones. Recent quotations on producer-gas engines for in- 
stance showed the cost to be about $55 per horse-power for a 
10 horse-power engine, and $36 per horse-power for a 50 horse- 
power machine. The latter is, however, a comparatively low 
price for an engine of this size. The price of launch engines is 
frequently lower than this, from $50 per horse-power for the small 
engine to about $20 per horse-power for an engine of 25 to 30 
horse-power. The cost of Diesel engines runs somewhat higher, 
varying probably between $50 and $90 per horse-power, depend- 
ing upon size. None of these figures include cost of erection. 

Suction Gas Plants. — Recent quotations for plants of this 
type have been for a 10 horse-power plant, which is below the 
ordinary commercial size, $90 per horse-power for a 50 horse- 
power plant $51 per horse-power and again $61 per horse-power, 
and for a 75 horse-power plant $53 per horse-power. 

2. Cost of Erection.— The cost of erection varies largely 
with the size of the foundations. Regarding the latter there 
seems to be no definite proportionality between it and the size 
of the engine. In general, of course, vertical engines do not 
require as large or as heavy a foundation as horizontal engines, 
but the condition of the ground has a great deal to do with the 
final cost. Giildner * estimates that from 15 to 20 cubic feet of 
foundation per brake horse-power of engine should be sufficient 
in the ordinary case if the ground is safe. For large machines, 
however, this may even be as low as 8 cu. ft. per B.H.P: The 
total cost of erection and starting should not exceed about 3 per 
cent of the purchase price in the case of gasoline and gas engines, 
and should not be over 5 per cent in the case of producer gas 
plants. These figures agree fairly well with the estimates made 
by H. A. Clark in 1903.+ 

3. Piping and Auxiliaries. — This item is apt to vary within 
wide limits, especially in producer gas plants, where much de- 
pends upon the location of the producer plant with reference to 


* Verbrennungsmotoren, p. 433. 


} H. Ade Clark, The Diesel Engine, Proceedings of Mechanical Engineers, 
1903. 
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the engine. In a normal case, 5 per cent of the cost price of the 
engine or plant should cover the cost. This, however, does not 
include the cost of an air gompressor system if this is required to 
start the plant. 

4. Floor Space and Buildings. — The cost of buildings is 
intimately connected with the floor space required by the plant, 
but outside of this nothing very definite can be said of the cost of 
the building, since everything depends upon the construction 
used. The cost based on the square foot of floor space may vary 
from about $1.50 for a plain brick building with steel roof, to 
$2.75 for a modern steel concrete structure. Among the figures 
available are the following. A. H. Clark, in the article already 
mentioned, estimates the cost of building as follows: 











. . Cost of Engine 

. S f E i Cost of . Cost of Bldg. 

Type of Engine RH. - poe ee Buil din € Ratio jon ee 
Producer Gas* .. 30 $2,360 $ 640 27 
ICSE! ec Ae 35 2,860 440 16 
Producer Gas... 80 4,400 930 21 
Diesel ..... Bes 80 4,400 685 16 
Producer Gas... 160 ; 7,450 1,150 16 
Diesel ..... at eee 160 8,300 880 alia 








Gildner, in making a similar estimate, combines the cost of 
building and of necessary foundations for the engine and pro- 
ducer. Expressing this combined cost in per cent of the cost of 
plant and accessories, the following table shows the results: 





Horse-power of Plant 


Type of Plant 





5|10|}15 | 20 | 25} 30 | 40 | 50} 100 | 125) 150) 175) 200 





Illuminating Gas Engine .| 27 | 22 | 20 | 19 1S a7, 16 | 15 | 13 13 | 13 | 13 | 13 
Suction Gas Plant Complete] 30 | 26 | 24 | 22.5 | 21 | 19.5 | 19 | 18 | 15.5 |-15 | 15 | 15 | 14.5 








Turning next to the floor space required, there is considerable 
data available in the literature published. Collaborating the 


* Pressure producer. 
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figures given by manufacturers for the floor space required for 
_ horizontal single-cylinder gas, gasoline and oil engines, and for 
suction gas producers, we obtain Curves I and III of Fig. 18-1. 
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It should be remembered in connection with these curves, how- 
ever, that they represent average figures only and they can there- 
fore give only approximate results, For example, a 20 B. H. P. 
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suction gas producer will, according to Curve I, occupy approxi- 
mately 20 X 2 = 40 sq. ft, of floor space, say a space 9 X 44 ft.; 
similarly, a 200 B. H. P. installation would require 200 X .8 = 160 
sq. ft. 

In like manner Curve III gives the approximate floor space 
for horizontal engines. Thus a 5 B.H.P. gasoline engine of 
standard make would probably require 5 X 4 = 20 sq. ft., say a 
space 3 ft. by 6 ft.; while a 150 B. H. P. producer or illuminating 
gas engine calls for 150 X 1.5 = 225 sq. ft. The curve does not 
include multi-cylinder engines because the available data figures 
for this type of engine are very erratic. For the same reason no 
curve could be drawn for vertical engines. 

While Curves I and III represent the space actually occupied 
by the plant, they give no idea of the size of the producer or 
engine room required. In the producer room space must be left 
for the proper cleaning of the producer, ete’, and in the engine 
room space for dismantling, etc. On this point the only infor- 
mation that seems available is that given by Giildner in his esti- 
mates, the results of which are plotted in Curves II and IV of 
Fig. 18-1. The former shows the approximate room allowance 
for suction gas apparatus, the latter for horizontal single-cylinder 
engines, based on one brake horse-power in each case. 

The data available for pressure producers is not so extensive 
as that for suction producers,” In the former plants much depends 
upon the size of the gas holder. Outside of this the space re- 
quired for suction and pressure producers should not vary greatly. 
The figures at hand seem to indicate that pressure producer 
plants, including the gas holder, of from 30 to 40 horse-power 
occupy 75 per cent more space than suction plants of like capacity. 
As the power increases the difference grows less, a plant of 100 
horse-power requiring apparently only about 50 per cent more 
space, and one of 175 horse-power only 20 per cent more. 

The minimum head room, 7.e., the height of the room required 
for either type of plant, seems to vary from 12 ft. in the small 20 
horse-power plant to 18 ft. in the large 250 horse-power producer. 

In Power for April, 1907, L. L. Brewer published the following 
table of “Practical Data for Modern Gas Engines.” The table 
gives in column 13 figures for the floor space required by engines 
larger than those so fardiscussed. The letters in column 7 have 


552 INTERNAL COMBUSTION ENGINES 


the following meaning: s.c., single cylinder; tw., twin; td., tandem; 
d. td., double tandem. 























Lah. 2 3 4) 5 | 6 7 8 9 10 11 12 13 
2 t oa (eto roe 25 1S g 
3 |S ie & Bo isan fa ey ee ies S 
6 |e Sasa es we [Reh | BA | hg |e | a 
Aa of Sal q ‘e Pan Bo A rine ee mal 
t, n _™ gq > 
GET suse (SR |= [Se EE, [EE [See eee 8 
6 ia Builder |S} § | y ° Se oe [sk om | osm | mie 
Ae S| Glee 2 Sac ov A weet © Wee ea th Samea y mites 
3 Oo igs] fa | eeu le" eul a hye) oeleuaallures es 
4 |S2 | 3) PS] Be | MES ey 5A| Ton eg | Pes) 8 
a |S 6| £ |e >& SEA POSH] O88 oa Ss G 
a lex Zz|ala'| o |B = = Fe eA 
150} Cockerill ...... Lie 4s. sc. 45,000} 9,000} 21,100] 540 661 2.05 
200 105) Cockerill ...... 1) 4] s. sc. 83,000} 25,000} 58,500} 540 706 1.81 
250} 150) Cockerill ...... 2) 4] s. td. 65,000} 10,000} 23,400} 300 353 1.24 
300} 120) Deutz ........ 1) 4] s. sc. 83,500} 35,000} 81,800} 295 551 2.07 
300| 120) Deutz ........ 2) 4} tw. 101,000} 14,000} 32,800} 383 447 1.52 
300) 140) Deutz). .5.... 4| 4 | s, | d. tw. |110,000] 3,500] 8,200] 484 394 1.32 
600} 80} Cockerill...... 1p 4] os. sc. 207,000 | 100,000 | 234,000} 512 734 | 0.99 
600} 130} Cockerill ...... 2) 4] s. td. 185,000} 46,000|107,500) 386 487 1.13 
600) 110} Oechelhauser ..} 1} 2 | s. sc. 143,000} 48,000}112,000] 318 425 1.23 
600) 130) Deutz ........ 2) 4] s. tw. 158,000} 28,000] 65,500] 310 371 1.67 
600) 180] Deutz ........ 4| 4 | s. | d. tw. |189,000} 7,000] 16,400] 327 342 1.08 
600) 110} Koerting ...... D523) de sc. 136,500} 18,000] 42,200] 258 297 1.11 
750) 90) Niirnberg ..... Ue aH Ss. sc. 297,000/115,000} 26,900} 560 538 1.03 
1200} 80) Cockerill...... 2| 41] s. td. 365,000} 95,000] 222,000} 383 488 0.68 
1200) 130] Deutz ........ 4) 4 | s. | d.tw. |354,000| 14,000} 32,800] 307 322 1.01 
1200) 120) Niirnberg ..... 4) 4 | s. | d.tw. |280,000} 16,000] 37,400] 246 264 | 0.94 
1200) 110) Oechelhiuser ..}2} 2 | 5. tw. 260,000| 16,000) 37,400} 230 248 | 0.9 
1200} 110} Koerting ...... 22 id. tw. 250,000} 4,500] 10,500} 212 218 | 0.9 
1400} 110} Cockerill...... 2} 4 / d. td. 374,000} 8,600] 20,000) 170 164 0.42 
































It will be noted from column 6 that there is only one double- 
acting four-cycle engine in the list. The large engines cited are 
all single-acting twin or tandem, or double engines. It would 
naturally be assumed that the later types of large four-cycle 
engines, which are nearly always double-acting tandem, or 
double-acting twin tandem machines, should show a decrease 
in the floor space required as compared with the figures in 
column 13. An indication of the saving in both weight and 
floor space that may be effected by adopting the double-acting 
principle is given by the figures for the 1400 B. H. P. double- 
acting tandem Cockerill engine in the last line of the table. The 
Saving there shown is remarkable and the writer has not been 
able to check it in the case of other engines the design of which 
has been changed from the twin or double-twin single-acting to’ 
the double-acting tandem. The reason for this probably is that 
opposed single-acting engines usually work without a cross-head, 
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while double-acting cylinders demand the use of the same. Hence 
the total length of engine is not changed materially. 

5. Cost of Operation. — The total cost of operation consists 
of the following items: 

(a) Interest on capital. 

(6) Depreciation of Plant and Buildings. 

(c) Insurance. 

(d) Fuel Cost. 

(e) Cost of Cooling Water. 

(7) Lubricating Oil and Waste. 

(g) Attendance. 

(h) Maintenance and Repairs. 

Of these, the first three items are usually called the fixed 
charges, and the last five the operating or works cost. The sum 
of fixed charges and works cost is the total operating cost. 

(a) InreRESTONCapiTat. Theusualallowance in this country 
for interest on capital is 6 per cent. 

(b) DEPRECIATION OF PLANT AND Burupinas. There is little 
doubt that as far as gas producers are concerned, the wear and 
tear on this part of the plant is much less than it is on a boiler 
plant of the same capacity. On the other hand, the stresses in a 
gas engine are generally higher throughout than those in a steam 
engine of the same power, and this naturally leads to a shorter 
life and consequently somewhat higher allowance for deprecia- 
tion. Taking it altogether,‘an allowance of from 7 to 10 per cent 
of the capital outlay for the power plant should cover deprecia- 
tion, the lower figure for a producer plant, the higher where 
engines alone are concerned. 

Depreciation on the building should not exceed 2 to 3 per cent 
of the building cost. In case the building is rented, the rent 
instead of depreciation should be charged against the plant. 

(c) InsurANcE. This item is usually very small as compared 
with the rest and is therefore in most cases neglected. 

(d) Furt Costs. This item is very often used as the sole 
criterion of the economic status of a plant, but in many cases this 
is not true. Where the cost of fuel is very high, as for instance 
where illuminating gas or gasoline are used, the fuel cost usually 
forms the major part of the operating expenses. But where the 
cheaper fuels are used or the plant is of high efficiency, as is often 
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the case in producer plants, an analysis will show that what are 
usually considered the “incidental” expenses in many cases far 
outweigh the fuel cost. 

The fuel cost varies with the load on the engine. The figures 
given by manufacturers usually represent the best figures obtained 
at maximum load, but such conditions rarely obtain in practice. 
At any rate it would not be safe to base computations upon such 
“parade” figures. Haeder * considers that the economy figure 
given by an engine at ;4, maximum load, which is equal to 85 
per cent of rated load if an over-capacity of 20 per cent is 
assumed, is the best figure on which to base computations. 
The same writer gives the following table for the variation of the 
fuel consumption with load. The third line in this table gives 
the same information regarding a steam plant: 





VARIATION OF FUEL CoNsuMPTION wiITH LOAD 








Gas Engine of 

Moss 9 | 28.) Lal, G16 oe enn ae ae 

Load 

Hit-and-miss regulation] 1 1.03) 1.08) 1.14} 1.23] 1.35] 1.50] 1.8 | 2.5 | 3.0 
Throttling regulation .| 1 | 1.06) 1.13] 1.21! 1.33] 1.50] 1.75| 2.2 13.0 | 5.0 
Socal slant eee eweeee ae 1.1 | 1.05} 1.02; 1.0 | .96} 1.02) 1.07] 1.15] 1.30] 1.60 


The table is based upon the assumption that the gas engine 
operates normally on 4% of its maximum load, and this is put 
equal to the normal load on the steam engine. It is interesting 
to note the superiority of hit-and-miss regulation, as far as econ- 
omy is concerned, over the other method of governing, and the 
superiority of the steam engine over both as regards small varia- 
tion in economy over a wide range of load. 

Gulder + makes a similar estimate with the following results: 








Increase or Furt Consumprion with Decreasing Loap 


Approximate Load ...... 7 66 50 33 .25 of Normal Load. 
Illuminating Gas Engine. 10 20 35 60 90 per cent higher fuel 
Suction Gas Engine ..... 4) 307 50.9275 100 consumption than 
Diesel Oil Engine........ 10 20 30 55 80) at full load. 


* Haeder, Die Gasmotoren. 
t Giildner, Verbrennungsmotoren, p. 427. 
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Thus, for example, if an illuminating gas engine uses 20 cu. ft. 
of gas per B. H. P. hour at full load, we may except it to use 1.35 
X 20 = 27 cu. ft. per B. H: P. hour at half load, and 1.9 x 20 = 
38 cu. ft. per B. H. P. hour at quarter load. 

The anthracite coal consumption of suction gas plants for 
various sizes of plants and for different loads is given by Haeder 
in the following table: 


CONSUMPTION or ANTHRACITE IN Suction Gas Puants In Pounps PER 


B. H. P.-hour 
Max. Capacity B. H. P.... 14 40 70 100 140 210 420 
Normal Load B. H. P. .... 10 30 50 70 100 150 300 
ee eee 21) 10.) oie. 90 88 6 — cae 
He Pour of Bld Pax 2:45) 1199 12 0) 106" = 1208- O 
Wapedemat-o 1-2 nae 80) AT 138 1.38 — 132 “los. 1725 


It is evident from a study of the figures in the above tables 
that the probable average load at which a prospective plant will 
operate plays an important part in the estimation of fuel costs, a 
point which should not be lost sight of. 

We find in the engineering literature of the day considerable 
information regarding fuel consumption and fuel costs. The 
cost figures given belong to one of two classes: either they are 
based upon assumptions regarding both consumption of fuel and 
cost of unit weight of the fuel, or the figures are obtained in 
actual operation. It goes without saying that the latter class is 
much more valuable than the former. In the case of assumed 
costs and consumptions, comparisons are usually made between 
steam and gas power under various conditions of operation. 
Such computations are interesting because they show what 
might be realized in each case, but in attempting to practically 
apply the information the greatest attention should be paid to 
the conditions assumed. As regards actual consumption figures, 
the tables of the previous chapter give considerable information 
regarding efficiency of operation. From this data it should be 
easy to compute the fuel costs as soon as the local cost of unit 
weight is known. 

Below are given a few hypothetical computations. In some 
cases both the fuel consumption and the fuel cost are assumed 
outright, in others an attempt has been made to determine the 
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fuel consumption in relation to the size of the engine. These 
figures are followed by a few fuel cost figures from actual practice. 
Additional data for fuel cost from actual operation will be found 
in the data on total operating costs at the end of this chapter. 

The following table shows an estimate taken from the cata- 
logue of a well-known manufacturer. 


Revative Costs or Fur, with Dirrerenr Types or ENGINES 

















Fuel reed re in Cost per 
Type of Engine Class of Fuel Price of Fuel “8. H. P BHP. Sie Bee 
per per pe 
hour hour |10°0 B. H. P. 
Simple non-con- |BituminousCoal|$3.00 per 5 lbs. | .669 | $2,007.00 
densing slide valve gross ton 
Compound con- |BituminousCoal| $3.00 3 Ibs. 402 | 1,205.00 
densing area oe 
Steam Turbine ... ./BituminousCoal/$3.00 3 Ibs. .402 | 1,205.00 
Olsneine eee ree: Gasoline....... 14 cents per|0.125 gal. |1.75 5,250.00 
gal. 
Oil Engine ........ Crude Oil...... 4 cents per|0.10 gal. 40 | 1,200.00 
gal. 
Gas Engine........ IlluminatingGas|75 cents per] 19 cu. ft.]1.425 | 4,275.00 
1000 cu. ft. 
Gas Engine........ Natural Gas .../20 cents per|13 cu. ft.| .26 780.00 
1000 cu. ft. 
Gas Engine with |Anthracite Coal/$3.00 per 1 Ib. 134 402.00 
suction producer. . gross ton 
Gas Engine with |Coke.......... $3.00 per 1,25 Ib. | .167 502.00 
suction producer. . gross ton : 

















The next table, compiled by J. I. Wile, is similar to the above, 
except that the assumptions differ somewhat. A comparison of 
the corresponding items in the two tables serves to show the 


variation in the final results arrived at by computations of this 
kind. 


4 
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STaTistics oF FurL CoNsSuMPTION AND Cost PER ANNUM OF PRODUCER 
Gas PowErR AND OTHER PowERs 











- | Cost in |Cost per 
wee Ae Fuel SonSeaDe poe oe - dollars |100B.H. 
. nd o ‘rice per | tion in ]bs. per per 100| P. per 
Type of Engine Fuel Ton B. H. P. per B. H. P. B. H. P. ve 
hour ira aber 3000 
hour hours Q 
a 
5 
Oil Raging ..5.0 che sex Gasoline |12 ane per 1 Pint 1.50 $1.50 | $4,500 = 
allon ae 
Gas Pngine fo.cc. eae: Tiluminating|75c per 1000} 18 Cubic Feet |1.35 1.35 4,050 ty 
Gas Cubic Feet | per B. H. P. & 
Gas Pngime a7... ai Natural Gas/30c per 1000} 13 Cubic Feet | .39 -39 1,170 || 5 
. Cubic Feet | per B. H. P a 
Simple Steam Engine... neers $3.00 8 lbs. 1.2 1.20 3,600 n 
oa 8 
Compound Steam Engine} Bituminous 3.00 5 15 15 2,250 3 
Non-condensing...... Coal = 
Triple Expanding Steam} Bituminous 3.00 2 3 -30 900 |] 2 
Engine, condensing... Coal * 
Producer Gas Engine ...| Anthracite 5.00 1 25 25 750 zy 
oa! 3 
Producer Gas Engine ...| Gas Coke 3.00 1.25 1875 18% 565 = 
Producer Gas Engine... Evpiions 2.50 1.25 .1565 -1565 470 Q 
: 0a! 

Producer Gas Engine ...| Anthracite} 3.00 1 15 15 450 || ts 
Coal a 




















C. H. Day,* in an investigation on the economy of gas pro- 
ducer engines, compiled the following fuel cost data for the 
various kinds of prime movers mentioned. The fuel consump- 
tion figures were obtained in each case by collaborating the 
results of a considerable number of tests. The costs per annum 
were then computed by assuming the cost of unit weight of the 
fuel. The total time of operation per year is taken at 3000 
hours. 


ANNUAL FurL Costs ror Stream Encines. Cost or Coan ASSUMED AT 
$3.00 PER Ton oF 2000 LBs. 








Lbs. Coal per B. H. P.| Cost of Coal per B. H. 





Type of Engine Bees per hour Pi per your 
Simple, non-condensing ..... 50 5.75 $25.90 
Simple, condensing ......... 100 4.45 20.00 
Compound, condensing ..... 200 2.74 12.70 
Compound, condensing ..... 600 1.97 8.85 
Compound, condensing ..... 1000 1.90 8.55 
Triple exp. condensing ..... 2000 1.87 8.40 





The data available for steam turbines is not as extensive as 


* Sibley College Thesis, 1905. 
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that for steam engines, and the range covered is not so wide as 
regards capacity. The following figures, also compiled by Mr. 
Day, show some fuel costs for prime movers of this kind. The 
working time has again been assumed at 3000 hours per annum. 


ANNUAL FuEL Costs ror Steam TurBINES. Cost or CoaL ASSUMED AT 
$3.00 peR Ton oF 2000 LBs. 











Number of Tests Average B. H. P. a ee ae Cost of i B. H.P. 
20 616 1.740 $7.83 
10 1085 1.735 7.80 
5 1359 L3t25 sho 
25 1739 1.655 7.44 








The computations made on uluminating and natural gas 
engines show the following results. Time of operation per year 
3000 hours, cost of illuminating gas 75 cents per 1000 cu. ft., cost 
of natural gas 50 cents per 1000 cu. ft. The latter assumption 
is high, since in many localities natural gas is sold at 30 or even 
20 cents per 1000 cu. ft. It is a simple matter, however, to reduce 
the figures in the table in the corresponding ratio. 


ANNUAL FuEL Cost ror ILLUMINATING AND NATURAL Gas Encines. Cost 
oF ILLUMINATING Gas AssUMED Atv 75 CENTS, THAT OF NATURAL Gas 
AT 50 CENTS, PER 1000 cU. Fr. 

















Cu. ft. per B. H. P-hour Annual Cost Se P. per year 
B. Hee! 
Tluminating Natural Illuminating Natural Gas 

Gas Gas Gas Engines Engines 
10 22.0 - $49.50 $24.00 
20 21.5 16.0 48.30 23.50 
30 21.0 Love 47.20 23.30 
40 20.5 15.0 46.00 22.60 
50 20.0 14.5 44.80 21.80 
75 19.1 13.8 42.80 20.80 
100 18.3 13.0 41.10 19.60 
200 — 11.4 — 17.10 
300 — 10.2 _— 15.40 
400 — 9.7 = 14.60 
500 — 9.4 — 14.10 














é 
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For producer gas engines Day found the following figures for 
the consumption of gas and of coal, from which the fuel costs per 
year of 3000 hours are computed, assuming coal to cost $4 per 
ton of 2000 pounds. : 


ANNUAL FuEL Cost or Propucrer Gas ENGINES 




















B.H.P Cu. ft. of Gas Lbs. of Coal Annual Cost of Coal 
Sea ale per B. H. P.-hour per B. H. P.-hour perB. HPs 
50 105 1.45 $8.70 
100 96 © 1.35 8.10 
150 89 1.23 7.33 
200 83 Pee 7.03 
250 79 1.12 6.72 
300 76 1.08 6.48 
400 73 1.05 6.30 
500 te 1.03 6.18 








The cost of the gas for blast furnace gas engines has in many 
computations been neglected on the assumption that this gas, 
if not used in engines, is a mere waste product. Lately, however, 
it has come to be recognized that some value must be assigned to 
this fuel since money was expended on it in every case for clean- 
ing it preparatory to making it fit for use in engines. The ordinary 
method of evaluating this gas is to compare its heat content with 
that of steam and to assign a, value to the gas corresponding to 
the cost of steam. Thus the’cost of the gas will in every locality 
vary with the cost of coal. As an example, H. Freyn * makes 
the following computation: 

“Let us assume that the price of coal delivered into bins at 
the plant be $2.75 per ton, that the coal have a heat value of 
13,000 B. T. U. per pound, and, further, that steam of 150 pounds 
boiler pressure or about 165 pounds absolute pressure be raised 
by burning this coal under boilers. One pound of steam will 
then contain 1225 B. T. U. from zero degrees Fahrenheit. Assum- 
ing feed water at 70 degrees, there would be required 1155 B. T. U. 
to generate 1 pound of steam at 150 pounds boiler pressure. In a 
boiler plant having 65 per cent efficiency, 1000 pounds of coal 


* H. Freyn, Available Power and Cost of Operation of a Power Station 
for Waste Gases from a Blast-furnace Plant. Journal Western Society of 
Engineers, February, 1906. 
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could raise (0.65 X 1000. x 13,000) + 1155 = 7300 pounds of 
steam. The value of 1000 pounds of steam would be 2.75 + 
(2 X 7.3) = $0.188, or 18.8 c. To this must be added for labor 
and maintenance approximately 1 c. per 1000 pounds of steam, 
making the total value of 1000 pounds = 19.8 c¢. 1000 cu. ft. of 
blast furnace gas have a heat value of 1000 x 90 = 90,000 B. T. U. 
and are equivalent to (0.65 x 90,000) + 1155 = 51 pounds of 
steam, which in turn are worth (51 + 1000) X 19.8 = le. 

‘“‘The value of 1000 cu. ft. of blast furnace gas would, therefore, 
Del e32 

L. Eberhardt, in an article in the Zeitschrift d. V. d. 1,* makes 
a similar computation, arriving at a somewhat different result. 
Starting from the assumption that 1000 pounds of steam will 
cost from 25 to 32 ¢., according to the price and quality of coal, 
he finds that 1000 cu. ft. of cleaned blast furnace gas should have a 
value of from 1.43 to 1.84 c., the gas having a heating value of 102 
B. T. U. per cu. ft. This is considerably higher than the value 
found by Freyn, which is mainly due to the lower grade of coal 
(11,650 B. T. U. per pound) and the higher grade of gas assumed. 

To get some idea of the fuel cost of blast furnace gas power 
as compared -with steam power, Eberhardt, in the article men- 
tioned, gives the following tables. The original tables give the 
cost per B. H. P. hour, but these have been recomputed to the 
basis of a year of 3000 working hours, to make them directly com- 
parable with the figures in previous tables. 


ANNUAL FurL Cost oF BuLaAsT-FURNACE Gas ENGINES. HeaTING VALUE 
OF CoAL TAKEN AT 11650 B. T. U. per LB. Heating VALUE oF Gas 
TAKEN AT 102 B. T. U. PER cv. Ft. 


Cost of coal per ton of 2000 Ibs....... dollars 2.34 2.75 3.18 
Cost of 1000 lbs. of steam .......... cents 24.8 28.4 31.8 
Cost of 1000 cu. ft. of gas........... cents 1.43 1.64 1.84 


A fair blast furnace gas engine will show the following fuel 
consumption: 
At full load 99 cu. ft. of gas per B. H. P. hour. 
At +, load 106 ss iY “ 
At 7 load 113 af 2 st 
At 2 load 122 a ae 
At 4 2 load 131 fs ce vi 


* June 3, 1905. 


Z 
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With these assumptions of gas consumption per B. H. P., and 
of local cost of coal, the fuel costs per B. H. P. per year of 3000 
hours will then be as per thé following table: 





Per Cent full Load on Engine 











Cost of 
Coal 100 | 90 | 80 | 66 | 50 
per Ton 
Annual Cost of Blast Furnace Gas per B. H. P. Dollars 
$2.34 4.26 4.56 4.87 5.25 5.63 
245 4.85 5.18 5.55 5.97 6.42 
3.18 5.46 5.83 6.23 6.72 7.20 








The fuel cost of operating on gasoline as fuel is of course con- 
siderably higher than any of the figures above quoted. The usual 
assumption made in regard to gasoline engines is that they will 
require 1 pint of gasoline per B.H.P. hour. This corresponds 
to a thermal efficiency of about 18 per cent on the brake, a figure 
which should be reached by a fair-sized engine in good condition. 
For the smaller machines, however, one point is perhaps some- 
what low, and for say a 2 horse-power machine a consumption of 
2 pints per B. H.P. hour is probably a safer assumption. It 
should also be borne in mind that the purchase price of gasoline 
varies somewhat with the quantity bought. The following table 
of fuel costs takes these various points into account. 


Fue. Cost ror GAsouine Enaines per B. H. P. per Year or 3000 WoRKING 


Hours 
Size of Maginey BB. El. Boss quis rasta as 2 4 6 10 20 
Cost of gasoline per gal., cents ..... 20 18 16 14 13 
Consumption of gasoline per B. H. P. 
WUT py ALON Gia we tence an ce sals ante 25 20 18 15 


Fuel cost per B. H. P. per year, dollars 150.00 108. 00 86.40 63.00 46. 30 


(e) Cost or WATER FoR CooLING AND WASHING. Many esti- 
mates of total operating costs totally neglect the cost of water 
for cooling and washing purposes required for the plant, although 
in many localities this may amount to a considerable item of 
expense. In general terms, where water has to be brought from 
city mains, it pays to install cooling apparatus of some kind. 
Of course for small installations this may be simply a tank from 
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the surface of which the heat is radiated. The tank is connected 
at top and bottom with the water jacket of the engine, and the 
water circulates by convection. Where such a cooling tank can- 
not be placed in the immediate vicinity of the engine, and con- 
nected to the jacket by short straight pipes, a circulating pump 
of some kind must be used. As the size of the installation grows, 
cooling towers or cooling ponds have to be resorted to, unless an 
abundant source of clean water is available without cost, except 
that of pumping. Under such conditions the cost of cooling 
water is very materially reduced. With any kind of cooling 
system the cost then consists of the cost of pumping plus the cost 
of any clean water that must be supplied from time to time to 
replace that lost by evaporation. Of course it is not possible to 
give any definite figures for this cost item, because it depends 
upon the cost of water in the particular locality, upon the total 
amount of water circulated, and upon the kind of pumps used. 
A few figures for the amount of water required or in circulation 
per B. H. P. hour are given below. 

In a producer plant an additional amount of water is required 
for the producers and scrubbers. The water vaporized for the 
producers of course is not again available. That used for the 
washing plant is in general subject to the same considerations as 
that used for cooling the engines. But where a cooling system is 
used for both, they should never be combined, because the re- 
quirements for clean cooling water for the engines are much more 
strict. The scrubber water usually carries considerable quantities 
of sediment and is contaminated with ammonia and sulfur com- 
pounds, so strongly in some cases as to give it a very noxious 
odor. In such cases, settling tanks and ponds, together with a 
considerable addition of clean water, seem to be the only remedies 
to recover at least a part of the water. 

The approximate quantity of cooling water required may be 
figured from the following considerations: 

One horse-power, assuming an engine efficiency of say 25 per 
cent at the cylinder, requires the expenditure of “= = 10,200 
B.T. U. per I. H. P. hour. The jacket loss approximates about. 
* 40 per cent of the heat expended, that is, in this case the jacket 
water must carry off .40 x 10,200 = 4080 B. T. U. per hour. 
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Assuming the inlet temperature at 70 degrees, the outlet at 150 
degrees, we find the number of pounds of water required = 
4080 
150—70 

at full load. 

The following figures from various sources show how this 
estimate agrees with others and with some data from actual. 
practice. 

W. Heym, in the Gasmotorentechnik,* states that a producer 
plant requires per horse-power hour 6.5 gallons for the engine, 
4 gallons for the scrubber, and .13 gallons for the producer vapo- 
rizer. 

Freyn, in the paper already mentioned, makes the following 
estimates for a blast furnace gas plant of 10,500 B. H. P. Theissen 
washers are used to clean the gas. 


approx. =51 pounds =say 64 gallons per I. H. P. hour 


GALLONS oF CooLING WaTER REQUIRED 








For the Washers per 1000 





Load on Engines For the Engines per B. H. P.-hour cu. ft. of gas cleaned 
per minute 
Full 8.5 12.0 
3 10.5 14.0 
4 13.0 16.0 








Freyn also estimates that if the plant is located near a stream 
of water, the cost of pumping would probably be in the neighbor- 
hood of 2 c. per 1000 gallons. 

J. R. Bibbinsf on a 51-hour test of a 500 horse-power Westing- 
house horizontal engine, reported a water consumption for the 
engines only of 9.4 gallons per B. H. P. hour at full load. The 
same authority reports a figure of 5.65 gallons per B. H. P. hour} 
found on similiar engines in another plant. 

In conclusion it should be said that the water-consumption 
of gas engines depends somewhat upon the size of the cylinder. 
Thus a single-acting cylinder of very large diameter usually 


* November, 1907. 

+ J. R. Bibbins, Proceedings A. S. M. E., Mid-November, 1907. 

tJ. R. Bibbins, Gas Driven Electric Power Station,Proc. of the Eng. Soc. 
of W. Pa. 
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requires more cooling water than two single-acting or one double- 
acting cylinder of the same capacity. Skilful attendance also 
is a considerable factor in the amount of cooling water used, a 
point which is very often neglected. 

(7) Orn and Wasts. The consumption of lubricating oil per 
B. H. P. hour depends upon the size of the engine and, as in the 
case of cooling water, largely also upon the care of attendants. 
It is also true that new machines may for a time require two or 
three times the ordinary amount of oil until all the parts have 
become adjusted to their service. In large and medium sized 
plants it is usual to employ a gravity or circulating system of 
oiling, in which case the oil is recovered, filtered, and again used. 
In such systems the cost of oil is a small item and consists mostly 
of the cost of oil necessary to replace that unavoidably lost. Of 
course none of the cylinder oil used is recovered. 

Gildner estimates that the consumption of lubricating oil 
usually varies from .006 to .008 pints of oil per B. H. P.-hour, and 
that under favorable conditions .003 pints per B. H. P.-hour may 
be reached. LL. L. Brewer finds that the consumption for the large 
engines quoted in the table, page 552, varies from .0045 to .0055 
pints per B. H. P.-hour, and that in double-acting two-cycle 
engines the consumption may be as low as .0035 pints. 

The following table compiled by J. R. Bibbins and published 
in the paper before the Society of Engineers of West Pennsylvania, 
already quoted, shows the actual oil consumption in a plant con- 
taining two horizontal Westinghouse engines of 500 horse-power 
each, direct connected to 300 K. W. generators. The figures 
cover a period of four months and the results should therefore be 
very reliable. The system of oiling used is of the continuous 
circulating and filtering type. The consumption amounts to 
00202 pints of cylinder oil and .00286 pints of engine oil per 
horse-power hour, which agrees well with the figures given by 
Brewer. 
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Oi CONSUMPTION 
4 months ending Sunday, May 23, 1906 


CYLINDER OIL * ENGINE OIL ft 

Gin Stas ec eae Imperial Cylinder Oil Special Gas Engine Oil 
Ma kerries Si: etre ace Rie Union Petroleum Co., Philadelphia 
Price (oarrel; lous), seis ease 32 cents per Gal. 18 cents per Gal. 
Quiannitiyatisedirs start oot. one ai 561 Gals. 765 Gals. 
Quantity used per month ......... 1404 Gals. 1914 Gals. 
Quantity used per (opertg.) day ... 4.68 Gals. 6.38 Gals. 
Quantity used per full day ....... 6.07 Gals. 8.27 Gals. 
Engine Hours per day ......... 37 37 
Engine H.P. Hours per day ... . 18500 18500 
Oil per Engine Hour =... 2... 0.127 Gals. 0.172 Gals. 
Oilper BP. Tour ts pen ee es mc 0.000253 Gals. 0.000345 Gals. 
Cost per Engine Hour ......... 4.05 cents 3.1 cents. 
Cost per HPs Hour ot conc. ci. = 0.00809 0.00621 

DotaliCost ar cast.cc ees 0.0143 cents per H.P. Hour 


The cost of cotton waste or other cleaning material is an item 
very hard to estimate, and in any case of little influence on the 
final result. It is usually combined with the cost of oil, and 
some figures for this combined cost will be found in the estimates 
of total operating costs at the end of this chapter. 

(g) ATTENDANCE. The statement very often carelessly made 
with regard to small gas engine installations, that they require no 
waiting on, is of course not quite the truth. The fact is that a 
small gas or gasoline engine, if in good order, does not require, 
after starting, much attending except the proper handling of the 
lubricators. In this respect the gas power installation has an 
advantage over the small steam power plant, where at least one 
man is generally required all the time. For small natural gas or 
illuminating gas engines, therefore, it is possible to employ the 
“engineer,”’ to use a familiar term, somewhere else at least part 
of the time, but naturally, as the size of engine increases, this 
spare time decreases, and it is doubtful if suction gas plants, no 
matter how small, can get along with less than one man’s entire 
time. 

The general methods of taking care of medium sized and large 


*Includes crank case oil for exciter engines. Drainage from glands of 
main engines collected, mixed with old engine oil and used in crank case. No 
crank case oil purchased. 

+ Includes oil consumption of auxiliaries. Sufficient quantity old engine 
oil drawn from circulating system to supply auxiliaries replaced by fresh oil. 
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gas engines are perhaps not far different from those used in steam 
engine practice. It cannot be denied, however, that gas engines 
have much more opportunity, so so speak, to go wrong. That is, 
jacket water, lubrication, igniters, valves, etc., all need careful 
looking after, and any of these things, if neglected, may cause 
a shut down. While, therefore, steam engine attendants generally 
accustom themselves to the new service very quickly, it would be 
wrong to assume that they can in general take care of a gas 
engine plant without some instruction and practice. Of course 
the larger the plant, the more important this point becomes. 
There seems to be nothing in English engineering literature 
to give an approximate idea of the time actually required in 
attending gas engines. Giildner proposes the following equations, 
apparently based on practical experience: 
For illuminating gas, natural gas and oil engines, 


W =.25V Nx, hours. 


For suction gas plants W= 1.25V N,, hours 
where W = time of attendance required in hours per day of 10 
hours and N,, = rated capacity of plant. 

Thus, for instance, a 100 horse-power natural gas engine would 
actually require about .25 “100 = 2.5 hours in a 10-hour shift. 
Hence the attendant’s time could be largely used somewhere else. 
On the other hand, a 100 horse-power suction gas plant would 
actually require 1.25 V100 = 12.5 hours, which means that two 
men will have to be employed. 

Where a station is made up of several smaller units and pro- 
ducers, the cost of attendance naturally increases. Thus if there 
are n units in a plant of N,, horse-power total, Giildner states that 
the actual time required per operating day of the plant may be 
expressed by 


W = 1.25 VaN, hours. 


Thus if we take a 1200 horse-power suction gas plant made 
up of 4 units of 300 horse-power each, 


W = 1.25 V4 x 1200 = 86.5 hours, 


which would mean the service of 9 men in the 10-hour shift. If 
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this capacity had been put in one unit, the time would have been 
W = 1.25 V1200 = 43.5 hours, 


which would have called for only 5 men per shift. 

If in any of the above equations we introduce the hourly wage 
scale, we may express the cost of attendance per B. H. P. per 
hour. Thus if the scale should be 20 ¢. per hour, we would have for 
illuminating gas, natural gas, or oil engines, for the 10-hour shift, 

20 25 Ve 350 


Cost B. H. P.-hour = = ——— cents. 
ost per our 10 N, ie cents 





For suction gas plants, 


Cost per B. H. P.-hour = 20 x25 Ns = Te cents 





and for large suction gas plants of n units, 


20 X1.25VnN,  2.5Vn 
= — cents. 
10.0, EN 

There is little data available to check the accuracy of these 
formule, but the two or three instances cited by various authori- 
ties for the labor cost in suction gas plants check very well with 
the results of the formula. 

(h) MAINTENANCE AND ReEparrs. The expenditures for 
maintenance and repairs of a gas engine installation should not 
exceed 3 per cent of the purdhase price of the engines and _pro- 
ducers. There is no doubt that this item may easily run to 10 
per cent and over, especially if in a producer plant insufficient 
attention is paid to cleaning the gas. But such conditions are 
not normal and should not occur in good practice. 

Freyn states that the following are average figures for repair 
accounts for a blast furnace gas station: 

% per cent per year of the price of the engines and electric 
generators. 

7 per cent per year of the price of the cleaning plant. 

5 per cent per year of the price of the air compressor used for 

starting. 

2 per cent per year of the price of piping, etc. 

To this may be added from 1 to 2 per cent of the cost of the 
building as maintenance for the building. 





Cost per B. H. P.-hour = 
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Total Operating Costs and Cost as Compared with other 
Prime Movers — As in the case of fuel costs, the information 
available in engineering literature on total operating costs is of 
two kinds. In the first kind the estimates are based entirely 
upon hypothetical assumptions, in the second the results are 
those obtained in actual operation. Again, the latter informa- 
tion is of course of much greater value, but except for large in- 
stallations little of this class has been made public. Especially 
as regards small installations of gasoline, oil and illuminating gas 
engines there seems to be an almost absolute lack of data referring 
to total operating costs. For that reason, in order to get some 
idea of costs, it will be necessary for the time being to depend upon 
cost computations based on assumptions. In any concrete case 
these assumptions should be carefully scanned to see how they 
agree with actually existing conditions before forming a final idea 
of operating cost. 

The data available from actual practice is mainly due to Mr. 
J. R. Bibbins * and others, of the Westinghouse Machine Com- 
pany, and of course relates to Westinghouse engines. This, how- 
ever, does not preclude their applicability to other similar plants. 
This information, combined with that from a few English plants, 
is about all that can be cited at the present writing. 

Hypothetical computations are nearly all made on a compara- 
tive basis. Of this kind are the tables published by W. O. Webber 
in the Engineering News, August 15, 1907. It is not easy to give 
a concise abstract of the various factors assumed in the compu- 
tation of these tables, and for that reason they are given in full, 
except for electric power which does not especially interest us here. 


* The following is a partial list of the valuable papers published: 

J. R. Bibbins, Gas Driven Electric Power Systems, Warren & Jamestown 
Street Railway, Eng. Soc. of W. Pa.; Gas Power for Central Stations, Am. 
Inst. of E. E., New York, December 18, 1903; Producer Gas Power Plant, 
Proc. A. 8S. M. E., December, 1906; Application of Gas Power to Central 
Station Work, National Elec. Light Assoc., Washington, D. C., June, 1907; 
Duty Test on Gas Power Plant, Proc. A.S.M. E., Mid-November, 1907; 
and A. West, Gas Power in Electric Railway Work, American Street & 
Interurban Railway Assoc., Philadelphia Convention, 1905. 

EK. E. Arnold, The High Power Internal Combustion Engine and its Fit-- 
ness for Central Station Work, New England Street Railway Club, March, 1904. 

Reprint from Power, December, 1903, A Gas Engine Pumping Station. 
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Cost oF GASOLINE PowER 








pize of plant in HP. g. 65 uu. 2 6 10 20 
Price of engine in place....... $150.00 $325.00 $500.00 $750.00 
Gasoline per B. H. P. per hour.. 4} gal. 4 gal. & gal. al. 
Cost per gallon ...... Nae cest i $0.22 $0.20 . $0.19 ae 
= cost per 3,080 hours ....... $451.53 $924.00 $975.13 $1,386.00 
Attendance at $1 per day..... 308.00 308.00 308.00 308.00 
Interest, 5 per cent........... 7.50 16.25 25.00 37.50 
Depreciation, 5 per cent ...... 7.50 16.25 25.00 37.50 
Repairs, 10 per cent ......... 15.00 32.50 50.00 75.00 
Supplies, 20 per cent ......... 30.00 65.00 100.00 150.00 
Insurance, 2 per cent ........ 3.00 6.50 10.00 15.00 
Waxesyl per Centos. oeciecus soe 1.50 3.25 5.00 7.50 
IPOWErICOStN 4,00 a,c bas $824.03 $1,371.75 $1,498.13 $2,016.50 


To these figures should be added charges on space occupied as follows: 











Value of space occupied....... $100.00 $150.00 $200.00 $300.00 
interest, 5 per cent........... $9.00 $7.50 $10.00 $15.00 
Repairs: 2 percent... ..2.... + 2.00 3.00 4.00 6.00 
Insurance, 1 percent ........ 1.00 1.50 2.00 3.00 
Taxes, I per cent «........... 1.00 1.50 2.00 3.00 
Total annual charge for space $9.00 $13.50 $18.00 $27.00 
Total cost per annum......... $833.03 $1,385.25 $1,516.13 $2,043.30 
Cost of 1 H.P. per annum, 10 
our basis. Gm fos Sort. - 416.51 239.87 151.61 102.17 
Cost of 1 H.P. per hour ......$0.1352 $0.0780 $0.0492 $0.0331 





Cost or Gas PowER 


$1.50 per 1000 cubic feet of gas less 20 per cen 
net, gas 760 B. T. U 





t, if paid in 10 days = $1.20 














size of plantin H.P. ......... 2 6 10 20 
Engine cost in place ......... $200.00 $375.00 $550.00 $1,050.00 
Gas per H.P.-hour in cubic feet. 30 25 22 20 
Value of gas consumed, 3080 
FLU rey ee eanecns at een pede O $554.40 $843.12 $1,478.00 
Attendance, $1 perday ...... 308.00 308.00 308.00 308.00 
Interest, 5 per cent........... 10.00 18.75 27.50 52.50 
Depreciation, 5 per cent....... 10.00 18.75 27.50 52.50 
Repairs, 10 per cent ......... 20.00 37.50 55.00 105.00 
Supplies, 20 per cent ......... 40.00 75.00 110.00 210.00 
Insurance, 2 per cent ........ 4.00 7.50 11.00 21.00 
MaxesmiGpericent game. o sos. 2.00 3.75 5.50 10.50 
Power Gost... 0.2 nce ss. $615.76 $1,023.65 $1,387.62 $2,237.50 
Annual charge for space ...... 9.00 13.50 18.00 27.00 
Total cost per annum......... $624.76 $1,037.15 $1,405.62 $2,264.50 
Cost of 1 H.P. per annum, 10 
LOUMADASisin te ke \enees oye 312.38 172.86 110.56 143.22 
Cost of 1 H.P. per hour ...... $0.1014 $0.0561 $0.0456 $003.67 
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Cost oF STEAM POWER 





























IZEPOL SOL AT Gein ails by ance een yest vel eta ersten 6 10 20 
Costiofi plant per HB. eea 1 a0 scene $250.00 $220.00 $200.00 
Fixed charge, 14 per cent ............... $35.00 $30.80 $28.00 

Coal per H.P.-hour, in pounds........... 20 15 1 
Gost ofcoalgat $5 per tom ee... -eeiereae $154.00 $103.00 $82.50 
Attendance, 3080 hours ...............- 75.00 50.00 30.00 
Oil, waste and-supplies ................- 15.00 . 10.00 6.00 
Cost 1 H.P. per annum, 10-hour basis .. . .$279.00 $194.80 $146.50 
Costiof 1-H PS peribours see hee eee $0.0906 $0.0832 $0.0475 

ANNUAL Cost oF PowrR PER Brake HorsE—PowER * 

B. H. P. of Unit Steam Gas Gasoline 

NOSES Faroe RR rR ON eo $600.00 $380.00 $487.50 

Dane. Se dare ic ceed oon Vee regs 500.00 312.50 416.00 

SE RoE enc oe cee 437.50 260.00 350.00 

A Sc eR Ets 4 co eens 375.00 220.00 300.00 

he SUR ake oe aI cree, ce 320.00 192.50 262.50 

GA aces teeter oe oe nee eee 280.00 172.50 240.00 

eC ERE Be 250.00 160.00 210.00 

SESS ae: 2S eae eae eee ie 230.00 152.50 182.50 

OD arte ae Sate erence Woon tasket cee trae 210.00 145.00 165.00 

POR ear css iy crtato tet oie eka Reet 195.00 140.00 152.00 

BE eA oir a deep she tectee aoe.” et aR 175.00 132.50 137.50 

Lae: co ee oe tte Cote ee ee 165.00 126.00 122.00 

TG caper ROL Ae ho lish tee oe tale, ae 157.50 120.00 112.50 

TS ae, Swatch Aa te Ot ee ee 150.00 116.50 107.50 

A) Po depart) Oke, Seep ee 146.00 113.00 102.00 

Dae ES SAE 140.00 110.00 98.00 

DA ey ia Danko Races atoe Sted See 137.50 107.50 95.00 

DOB er ate RE ee ee Seer 133.00 105.00 92.50 

DS rei SSve ses en ot eB. 130.00 102.50 90.00 

SOM asd cee eal RRO eine 127.50 102.00 87.50 

OOH ischanegs Realeencee sara Mia ne ee ee 124.00 100.00 85.00 

AQ) 59 PR rate oP a ce ae ee 120.00 98.00 82.50 

OO scat otter eae, ee 112.50 96.00 80.00 

BO racine teen at ae Sok eh ene ae 105.00 94.00 78.00 

UA Ue RAN ae ar ce PERE Ng. oa 100.00 92.00 75.00 

SOM ein es ee ee ee 95.00 90.00 74.00 

OE ercgeet ras ahs an, ee 90.50 88.00 72.00 

LOO Sees ae gisesrate ey. ance ey) eee eee 86.40 _ 86.00 70.00 











Attention is called in these tabies to the high allowance for 
repairs in the case of the gasoline and gas engine and the high coal 
consumption assumed for the steam engine. 

Another interesting comparison is that made by H.-A. Clark . 


* Unit costs: Coal, $5 per ton; gas $1.20 per 1000 cubic feet, at 760 
B.T. U.; gasoline, $0.20 per gallon. 
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in a paper on the Diesel Engine.* In this case the computations 
are carried out for three sizes of Diesel engine, Crossley Gas 
Engine and Dowson producer, and high-speed compound con- 
densing steam engine. The conditions assumed are partly as 
follows, the remainder being given in the table itself. 

Cost of fuel delivered: 

Diesel engine, crude oil at $10.90 per ton = appr. 3.8c. per 
gallon. 

Crossley engine, anthracite at $5.70 per ton. 

Steam engine, coal at $3 per ton. 

The fuel cost is based on the following assumption: 

For the Diesel, the consumption has been taken in each case 
as the mean between full and half-load rates. These rates were 
actually determined by tests. 

For the Crossley, 1.5 to 1.25 pounds of coal per B. H. P. hour 
plus an allowance for stand-by losses. 

For the steam engine, 4 to 3.5 pounds of coal per B. H. P. hour 
for the lowest and highest powers, assuming an evaporation of 
8 pounds of water per pound of coal. 

The cost figures in the original table have all been transposed 
to dollars and cents. The computations are based on a year of 
2700 working hours. 

In the discussion on Clark’s paper, the cost computations 
were rather severely criticised, mainly on account of the fuel 
costs assumed. The claim was made that both the coal consump- 
tion for the steam engine and the cost of the steam coal was 
assumed too high, and that the cost of oil at 3.8 c. per gallon could 
only apply to seaboard towns. As far as American conditions 
are concerned, the assumption regarding the steam engine would 
seem to be about right, while the cost of anthracite at $5.70 per 
ton for the-gas engine is certainly not too low. On the other 
hand, the price of 3.8 c. per gallon for the crude oil would seem to 
favor the Diesel engine. It all comes to the point that applies 
to all computations of this kind, and that is that the results are 
strictly applicable only to the locality for which they are com- 
puted. Allowing for possible difference in the labor costs, how- 
ever, it seems to the writer that the comparison is quite fair as 
between the steam and the gas engine. 

* Proc. of M. E., 1903, II. 
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As a final example of this kind of hypothetical computation, 
the following table is given. The figures are due to Mr. L. G. 
Findlay of the De La Vergne Machine Company of New York. 
They were presented at the Dayton meeting of the Ohio Society 
of Mechanical, Electrical, and Steam Engineers, and were pub- 
lished in Power, July, 1907. The table is very complete and would 
repay careful study. Especially interesting is the effect of the 
load factor on operating costs. This factor is here defined as 
the average load on the plant divided by the rated capacity of the 
plant. 

In Clark’s tables above no mention is made of the load factor 
and it is evidently assumed to be 100 per cent. That, however, 
is a condition existing and maintained in very few plants. In 
fact, if it were, it would be poor engineering, as it gives the plant 
but very little overload ‘capacity. The marked effect that a 
decrease of the load factor from 100 per cent to 50 per cent has 
upon operating costs is very clearly brought out in the table. 
In the tables given below for actual cost data, the load factor 
is In most cases even lower than this. 

In the discussion on the results of the table following its 
presentation, the steam men objected to the comparison between 
the steam and gas plants at the rated load, on account of the 
much greater overload capacity of the steam engine plant. Lines 
36, 37, 38, and 39 of the table are computed on the assumption 
that 80 per cent of the steam’ used by the engines is available for 
heating, but no standing charges are made against the heating 
plant. 

Turning next to data from actual practice, the first of the 
following tables was given by Mr. J. E. Dowson in a paper in the 
Journal of the Institute of Electrical Engineers April, 1904. 
The table refers to results obtained in two English plants; the first 
is equipped with Dowson generators and Crossley engines, the 
second with the same type of producer and Westinghouse vertical 
engines of comparatively small size. In spite of the higher cost 
of coal, the greater capacity of the Walthamstow plants brings 
down the wage and repair items enough to make the total works 
costs not far different. The table only gives works cost, and it 
should be remembered that the results apply to English condi- 
tions. 
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The second and third tables following are due to Mr. J. R. 
Bibbins of the Westinghouse Machine Company and were pub- 
lished in a paper on the Application of Gas Power to Central 
Station Work, read before the National Electric Light Associa- 
tion at Washington, June, 1907. Both of the stations mentioned 
use natural gas for fuel, but the Bradford plant is equipped with 
rather small Westinghouse vertical engines, while the Warren 
and Jamestown station contains two large direct connected units 
of 500 horse-power each. In both cases the load factor is con- 
siderably less than 50 per cent; in the case of the Bradford plant 
it is only about 19 per cent. The figures for the latter plant are 
remarkable for the length of time covered, 84 years. 


Works Cost or OPERATING GAS PLANTS 




















Plant 
Midland Railway Co., Urban District Station, 
Leicester Walthamstow 
Engine: 
Capacity tested? ............ 300 1500 
Num beroaretce nde sek ee dee 6 a 
MaKe See oer tn eieere eee Crossley Westinghouse 
enathioferunweyey eee 5 months 12 months 
IDORYSISEVAROIE 5 bs one akedecsae _— 15.25 
K. W.-hour generated ....... 200497 659756 
Remarks — service ......... Are and incandescent) Are and incandescent 
lighting, Dowson gas.|lighting, Dowson gas. 
Duty of plant: * 
Lbs. per K. W.-hour ........ 3 2 
Mbss perb kis Pier te ee 2.25 ~ 15 
Cost: 
Coalliperstony er ireee na ees $3.75 $6.50 
Fuel per K. W.-hour......... .1238¢. SbiG: 
Oil, waste, water ........... .020c. .095e. 
WASCS ice Gh. ae eee aes .292¢. .015e. 
Total works cost power, = Mad 
cents per K. W.-hour .... A78¢. 445¢. 
Authority:| R.M. Drrty, F. A. WILKINSON, 
Supt. Locomotives. Elec. Engineer in charge. 








Works Cost or Powrr — Gas Driven CENTRAL STATION 
Braprorp Etecrric Ligut & Power Co., Braprorp, Pa. 


Station capacity (five engines)” ..........u.0.e.ce,e. ee 470 kilowatts 
Number of ‘years in’ operation’. |... 9.0 ope eee 8.5 
Average station load faetor (03-06) ........./.0)..00e0 ene: 19.09 per cent | 


Average gas consumption per kilowatt-hour (703-06) 


sumption per kilowatt-hour (03-06) ........ 25.5 cu. ft. 
Average heat efficiency at switchboard 


Ss .latteaked acetate asia ate eke 14.14 per cent 
* Including “stand-by ”’ losses. P 


Z 
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Works Cost of Power ee es, 
Fuel, gas, including nea Gino yarn $3,121 0.307 
Disbion Wages 5. aA... 3,068 0.410 
Oil, waste and supplies .............. 454 0.054 
Running repairs (total) .............. 848 0.085 
Running repairs gas CNMI eRe pariee ce. 285 0.034 
Total operating cost ............ $7,776 0.890 








Engine repairs — $0.36 per horse-power per year. 
57.00 per engine per year. 
.75 per cent on investment. 
Fuel — Bradford natural gas. 


Works Costs — Gas Power Raruway PLANT 
WarrEN & JAMESTOWN STREET RamLway CoMPANY 








Capacity of plant (two units) ....¢.................. 600 kilowatts 
Average time operated per day ...................... 18.5 hours 
mMerase Oubput per day os. hk osk See ys . 4115 kilowatt hours 
Average load, per cent rating .........6.....02.0.... 37 per cent 

Works Cost of Power Dollars per day Cents per 


Kilowatt-hour 








BM ae rs ts Tecaind so - + pied SxS $12.97 0.315 
NVELE CBee tetas erect ic: hea ee 12.37 0.300 
Dee Fae 1 Srey ahiae, NGS Z 2.63 0.064 
Repairs and miscellaneous supplies. . 3.29 0:080 

ESA dic otros ee der pate Marg ec, $31.26 0.759 








Fuel — “Bradford Sand” natural gas. 


In conclusion, to make the figures in the above tables readily 
comparable among themselves, the cost data has been recom- 
puted to the basis of cost in cents per B. H. P. hour in all cases. 

Table I gives the total operating costs for small and medium 
sized plants as computed from the data of Webber «& Clark. 
The load factor is in all cases 100 per cent. The difference in the 
cost of steam power arrived at by the two authorities is remark- 
able, Clark’s figures being less than 50 per cent those of Webber. 
The reason for this is found in two directions, different. assump- 
tions as to cost of coal, $5 per ton as against $3, and different 
assumptions as to the coal consumption per horse-power. Webber 
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assumes as high as 20 pounds per horse-power for a 6 horse-power 
plant, and charges a 20 horse-power plant up with 12 pounds per 
horse-power hour. In fact Webber’s figures are very liberal 
throughout for all three kinds of power. 

In Table II, the works and total operating costs per B. H. P.- 
hour are shown side by side as computed from Findlay’s table. 


TABLE [ 


Total Operating Costs per B. H. P.-hour 
Small and Medium Sized Plants 






























































ie g Size of Plant 
2/5 = 
; Kind | 8 | 28 z 
Kind of Power of, |S | 25 | 5 | 10[16| 20] 24| 30] 35 | 50] 80 |100/160] 3 
Fuel as ag 3 
4 = Cost in cents per B. H. P.-hour 
Steam Engine.| Coal /100/3080)13.9|6.3/5.1/4.7|4.5/4.1/4.0 |3.7/3.1 |2.8 Webber 
Gas Engine ..| Ill. Gas |100|3080) 6.2|4.6|3.9|/3.6/3.5|3.3/3.2 |3.1/2.9 |2.8| |Webber 
Gas Engine . .| Gasoline !100|3080] 8.5/4.9]3.7|3.3|/3.1|2.8|2.7 |2.6|2.4 |2.3 Webber 
Steam Engine.| Coal |100/2700 1.78 1.26 .98|Clark 
Gas Engine . ./Prod. Gas/100|2700 1.38 1.04 .80/Clark 
Oil Engine, 
Diesel ..../Crude Oil/100|2700 1.08 78) |.64/Clark 
TaBLe IT 
Total Operating and Works Cost per B. H. P.-hour. 
Computed from Table by Mr. L. G. Findlay. 
Works costs in brackets. 
Kind of Power 
oes i, ad of aes Steam Bituminous Anthracite 
aan Factor B.H.P. Producer Gas Producer Gas 
Cents per B. H. P.-hour 
24 100 1000 .39 ( .30) OL C21) -39 (.30) 
24 50 1000 .69 ( .41) 54 (.33) .67 (.49) 
10.25 100 1000 .53 ( .33) 46 (.22) 55 (.33) 
10.25 50 1000 88 (..47) 84 (.36) 99 (.56) 
24 100 200 .76 ( .69) 40 (.29) 43 (.38) 
24 50 200 | 1.23 (1.10) .71 (.49) 86 (.66) 
10.25 100 200 88 ( .73) 59 (.33) 69 (.45) 
10.25 50 200 1.44 (1.15) 1.11 (.59) 1.26 (.78) 
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The data from the Bradford and Jamestown plants and from 
the two English plants shows the following results for the works 
cost per B. H. P.-hour. 








Works Cost 

Load B. EP: 

Fuel F eto rated ee els Plant 
Natural gas ....... 19.09 640 67 Bradford 
Natural gas ....... 37.0 800 57 Jamestown 
Dowson gas ....... — 400 35 Midland Railway 
Dowson gas ....... 15.25 2000 33 Walthamstow 








From these figures, and those of Table II, the conclusion 
seems justified that it should be easily possible to produce one 
brake horse-power in a fair sized plant, say not under 200 horse- 
power, for a works cost of from .5 to .75 cents per hour, depend- 
ing upon the conditions involved. This excludes fixed charges 
and assumes a load factor in the neighborhood of 50 per cent. 
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Contractors, and Engineers-in-Charge. By SYDNEY F. WALKER, R.N., 
M.I.E.E., M.I.M.E., A.M.Inst.C.E., Etc. F’cap 8vo, 448 pp., 270 
Diagrams, and 240 Tables . ek ae See ape Net 7s. 6d. 


DeEFINITIONS— DIFFERENT Units EmproyEp—Laws or ELEcTRIC CIRCUITS—DIFFERENCES 
BETWEEN WORKING OF CONTINUOUS AND ALTERNATING CURRENTS—LAWS oF ELEctTRo- 
Macnetic anp ELeEcrro-Static INpUCTION—ELECTRICITY GENERATORS— ACCUMMULATORS— 
SwircHRoarps, SwITCHES, CriRcuIT-BREAKERS, ETC.—CABLES—METHODS OF INsUuLATION— 
S1zEs anD INSULATION OF CABLES MaprE sy LEADING Maxers—Conpbuits—LEapiInG WIRES 
AND OTHER ACCESSORIES—MEASURING INSTRUMENTS OF ALL KINDS AND APPARATUS FOR 
Testinc Lamps AND ACCESSORIES—APPARATUS FOR HEATING BY ELECTRICITY. 


ELECTRIC SHIP-LIGHTING. A Handbook on the Practical 
Fitting and Running of Ship’s Electrical Plant. By J. W. URQUHART. 
Crown 8vo, cloth ... AAG as ne wee ee 7s. 6d. 


ELECTRIC WIRING, DIAGRAMS AND SWITCH- 
BOARDS, By NeEwron Harrison, E.E., Instructor of Electrical 
Engineering in the Newark Technical School. Crown 8vo, cloth 


Net 5s. 

Tue BEGINNING oF WirING—CaLcuLaTING THE Sizz OF WIRE—A SIMPLE Exectric Licgut 
Circuit CatcuLaTED—ESTIMATING THE Mains, FEEDERS, AND BRANCHES—USING THE BripGE 
FOR TEsTING—TuHE INnsuLaTion REsISTANCE—WIRING FOR MoTorS—WIRING WITH CLEATS 
Movutpinc anp Conpuir—Layinc-our a ConpuiIt SysTEM—PoweEr REQUIRED FOR Lamrs— 
LicHTInG OF A Room—SwircHBOARDS AND THEIR Purrose—SwiTcHBoarDs DEsIGNED FOR 
SuunT anp Compounn-Wounp Dynamos—PaNneEL SwitcHpoarps, STREET Raitway Switcu- 
BOARDS, LIGHTNING ARRESTERS--THE Ground DETECTOR—LOCATING Grounps—ALTERNATING 


Current Crrcoirs—Tur Power Factor In Circuirs—CALcuLaTION OF SIzES oF WirE For 
Since, Two anp THREE pwasE Circuits. 
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ELECTRICAL AND MAGNETIC CALCULATIONS. 
For the use of Electrical Engineers and Artisans, Teachers, Students, 
and all others interested in the Theory and Application of Electricity and 
Magnetism. By A. A. ATKINSON, M.S., Professor of Physics and 
Electricity in Ohio University, Athens, Ohio. Crown 8vo, cloth /Ve¢ gs. 


ELECTRICAL DICTIONARY. A Popular Encyclopedia of 
Words and Terms used in the Practice of Electrical Engineering. 
By T. O’CoNoR SLOANE, A.M., E.M., Ph.D., Author of “ Arithmetic 
of Electricity,” “Electricity Simplified,” “Electric Toy Making,” etc. 
Fourth Edition, with Appendix. 690 pages and nearly 4oo Illustrations. 
Large Crown 8vo, cloth ... vat on at oe Net 7s. Od. 


“The work has many attractive features in it, and is beyond doubt, a well-put-together and 
useful publication. The amount of ground covered may be gathered from the fact that in the index 
about 5,000 references will be found.” —Zvectrical Review. 


ELECTRICAL ENGINEERING. A First-Year’s Course for 
Students. By TysoN SEWELL, A.M.I.E.E., Lecturer and Demonstrator 
in Electrical Engineering at the Polytechnic, Regent Street, London. 
Fourth Edition, Revised, with Additions. Large Crown $vo, cloth. 
462 pp., with 278 Illustrations i .. [Just published. Net §s. 


Oum’s Law—Units EmpLovep In ELECTRICAL ENGINEERING—SERIES AND PARALLEL 
Circurrs—CurRENT Density AND PoTENTIAL Drop IN THE CircuIT—THE HeEatTinG EFFECT 
OF THE ELEcTRIC CURRENT— THE MaGnetic Errect oF An ELEcTRIC CurRENT — THE 
MAGNETISATION OF IRON—ELECTRO CHEMISTRY—PRIMARY BATTERIES—ACCUMULATORS— 
INDICATING INSTRUMENTS—AMMETEBRS, VOLTM#&TERS, OHMMETERS—ELECTRICITY SUPPLY 
MetTEeERS—MEASURING INSTRUMENTS, AND THE MEASUREMENT OF ELECTRICAL RESISTANCE— 
MEASUREMENT OF PoTENTIAL DIFFERENCE, CAPACITY, CURRENT STRENGTH, AND PERME- 
ABILITY—ArRc Lamps—INCANDESCENT Lamps—MANUFACTURE AND INSTALLATION—PHOTO- 
MeTRY—THE ConTiINUOUS CURRENT DyNnAmMo—DirEcT CURRENT MotTors—ALTERNATING 
CURRENTS—TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MotTors—PoLypHASE WoRKING— 
Appenpix I., THE THREE Wire SystemM—Aprenpix II., QuEsTIONS AND ANSWERS. 

“< Distinctly one of the best books for those commencing the study of electrical engineering, 
Everything is explained in simple language which even a beginner cannot fail to understand.””— 


The Engineer. 

ELECTRICAL ENGINEERING (ELEMENTARY). In 
Theory and Practice. A Class Book for Junior and Senior Students and 
Working Electricians. By J. H. ALEXANDER. With nearly 200 illustra- 


tions. Crown 8vo, cloth ... 3 ees ode aoe Vet 3s. 6d. 

FUNDAMENTAL PRINCIPLES—ELECTRICAL CURRENTS—SOLENOID CoILs, GALVANOMETERS. 
Voit-MetTers — MEASURING INSTRUMENTS — ALTERNATING CURRENTS — Dynamo ELEcTRIC 
MacHINEs—CONTINUOUS CURRENT DynAmMos—INpbUCTION, STATIC TRANSFORMERS, CONVERTERS — 
Morors — PRIMARY AND STORAGE CELLS>Arc Lamps — INCANDESCENT Lamps — SwitcHEs, 
Fuses, ETC. CONDUCTORS AND CapLess— ELectTricaL Enercy METERS — SPECIFICATIONS — 
GENERATION AND TRANSMISSION OF ELECTRICAL ENERGY— GENERATING STATIONS. 


ELECTRICAL ENGINEERING. See ALTERNATING CURRENTS. 
ELECTRICAL TRANSMISSION OF ENERGY. A 


Manual for the Design of Electrical Circuits. By ARTHUR VAUGHAN 
ABBOTT, C.E., Member American Institute of Electrical Engineers, 
Member American Institute of Mining Engineers, Member American 
Society of Civil Engineers, Member American Society of Mechanical 
Engineers, etc. Fourth Edition, entirely Rewritten and Enlarged, with 
numerous Tables, 16 Plates, and nearly 4oo other Illustrations. Royal 
8vo, 700 pages. Strongly bound in cloth ... ve en Vet 30s. 
INTRODUCTION—THE PROPERTIES OF WIRE—THE CONSTRUCTION OF AERIAL CiRcUITS— 
GENERAL LinE WorK—ELectrRic RAILway Crrcu1Ts—PROTECTION—THE CONSTRUCTION OF 
UNDERGROUND Circuirs—ConbuITs—CABLES AND ConpuiT ConpuCcTORS—SPECIAL. RAILWAY 
Circurit—THE InTERURBAN Transmission Line—TuE Tuirp Ram—Tue Ursan Conpuit— 
ELectrIcAL INSTRUMENTS—METHODS OF ELECTRICAL MEASUREMENT—CONTINUOUS-CURRENT 
ConpucTors—THE Heatinc or ConpucTors—ConDUCTORS FOR ALTERNATING CURRENTS— 
Series DisTRIBUTION — PARALLEL DistTRIBUTION — MIscELLANEOUS METHODS — POLYPHASE 


TRANSMISSION—THE Cost OF PRropucTION AND DISTRIBUTION. : 
Norte.—This Volume forms an Indispensable Work for Electrical Engineers, Railway and 


Tramway Managers and Directors, and all interested in Electric Traction. 


* 
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ELECTRICITY AS APPLIED TO MINING. By Arnotp 
LuPTON, M.Inst.C.E., M.I.Mech.E., M.I.E.E, late Professor of Coal 
Mining at the Yorkshire College, Victoria University, Mining Engineer 
and Colliery Manager ; G. D. ASPINALL PARR, M.I.E.E., A.M.1. Mech. Es 
Associate of the Central Technical College, City and Guilds of London, 
Head of the Electrical Engineering Department Yorkshire College, 
Victoria University; and HERBERT PERKIN, M.I.M.E., Certificated 
Colliery Manager, Assistant Lecturer in the Mining Department of the 
Yorkshire College, Victoria University. Second Edition, Revised and 
Enlarged,medium 8vo, cloth, 300 pp., with about 170 illustrations. Vet 12s. 
INTRODUCTORY—DyNamic ELECTRICITY—DRIVING OF THE DyNAMO—THE STEAM TURBINE— 

DISTRIBUTION OF ELECTRICAL ENERGY—STARTING AND STOPPING ELECTRICAL GENERATORS AND 

Motrors—E.ectric CaBLES—CENTRAL ELECTRICAL PLantTs— ELECTRICITY APPLIED TO 

Pumpinc anp HavuLinc—E.ecrriciry APPLIED TO CoAL Curtinc—TyricaLt ELEcTRIC PLANTS 

RECENTLY ErEcTED—ELEcTRIC LIGHTING By ARC AND GLow Lamps—MIscELLANEOUS APPLICA- 


TIONS OF ELECTRICITY ELECTRICITY AS COMPARED WITH OTHER MopeEs oF TRANSMITTING 
PowER—DANGERS OF ELECTRICITY, 





_ ‘*The book is a good attempt to meet a growing want, and is well worthy of a place in the 
mining engineer’s library.” —The Electrician. 


ELECTRICITY IN FACTORIES: ITS COST AND 
CONVENIENCE, A Handbook for Power Producers and Power Users. 
By A. P. HASLAM, M.I.E.E. About 300 pp., fully Illustrated. Demy 8vo. 

[Ja the Press. Price about 7s. 6d. Wet. 


ELECTRICITY. A STUDENT’S TEXT-BOOK. ay H.M. 
NoabD, F.R.S. 650 pp., 470 illustrations Crown 8vo ... Os. 


ELECTRICITY, POWER TRANSMITTED BY, AND 
APPLIED BY THE ELECTRIC MOTOR, including Electric Railway 
Construction. By PHILIP ATKINSON, A.M., Ph.D., author of “ Elements 
of Static Electricity.” Fourth Edition, Enlarged, Crown 8vo, cloth, 
224 pp., with over go illustrations oer eee eee lVet 9s. 


ELECTRO-PLATING AND ELECTRO-REFINING OF 
METALS. Being a new edition of Alexander Watt’s “ Electro-De- 
position.” Revised and Largely Re-written by ARNOLD PHILIP, 
Assoc. R.S.M., B.S@, A.I.E.E., F.1.C., Principal Assistant to the 
Admiralty Chemist, formerly Chief Chemist to the Engineering Depart- 
ments of the India Office, and sometime Assistant Professor of Electrical 
Engineering and Applied Physics at the Heriot-Watt College, Edinburgh. 
700 pp., with numerous Illustrations, Large Crown 8vo, cloth 

Net 12s. 6d. 


ENGINE- DRIVING LIFE. Stirring Adventures and Incidents 


in the Lives of Locomotive Engine- Drivers. By MICHAEL REYNOLDS. 
Third Edition. Crown 8vo, cloth as se 5 a Is. 6d. 


ENGINEERING DRAWING. A WORKMAN’S 
MANUAL, By JOHN Maxton, Instructor in Engineering Drawing, 
Royal Naval College, Greenwich. Eighth Edition. 300 “Plates and 
Diagrams. Crown 8vo, clothitss; sts Bec ach ae 3S. 6d. 


** A copy of it should be kept for reference ‘n every drawing office.” —Euginecring. 
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ENGINEERING ESTIMATES, COSTS, & ACCOUNTS. 
A Guide to Commercial Engineering. With numerous examples of 
Estimates and Costs of Millwright Work, Miscellaneous Productions, 
Steam Engines and Steam Boilers ; and a Section on the Preparation of 
Costs Accounts. By A GENERAL MANAGER. Second Edition. 8vo, 
clothiyy wen: oe aes Res “an aa, re ; st 12s. 


S ihe information is given in a plain, straightforward manner, and bears throughout evidence of 
the intimate practical acquaintance of the author with every phase of commercial engineering.” — 
Mechanical World. 


ENGINEERING PROGRESS (1863-6). By Wm. Humper, 
A.M.Inst.C.E. Complete in Four Vols. Containing 148 Double Plates, 
with Portraits and Copious Descriptive Letterpress. Imperial 4to, half 
morocco. Price, complete, £12 12s. ; or each volume sold separately at 
£3 3s. per Volume. Descriptive List of Contents on application. 


ENGINEER’S AND MILLWRIGHT’S ASSISTANT, A 
Collection of Useful Tables, Rules, and Data. By WILLIAM TEMPLETON. 
Eighth Edition, with Additions. 18mo cloth... os be 2s. 6d. 


** A deservedly popular work. It should be in the ‘ drawer’ of every mechanic.” 
English Mechanic. 


ENGINEER’S HANDBOOK. 4 Practical Treatise on Modern 
Engines and Boilers, Marine, Locomotive, and Stationary. And contain- 
ing a large collection of Rules and Practical Data relating to Recent 
Practice in Designing and Constructing all kinds of Engines, Boilers, and 
other Engineering work. The whole constituting a comprehensive Key 
to the Board of Trade and other Examinations for Certificates of Com- 
petency in Modern Mechanical Engineering. By WALTER S. HUTTON, 
Civil and Mechanical Engineer, Author of “The Works’ Manager’s 
Handbook for Engineers,” etc. With upwards of 420 Illustrations. Sixth 
Edition, Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly 
bound ... she oe ads sie as ty as AG 18s. 


‘* A mass of information set down in simple language, and in sucha form that it can be easily 
referred to at anytime. The matter is uniformly good and well chosen, and is greatly elucidated by 
the illustrations. The book will find its way on to most engineers’ shelves, where it will rank as 
one of the most useful books of reference.”— Practical Engineer. 

** Full of useful information, and should be found on the office shelf of all practical engineers.’— 
English Mechanic. 


ENGINEER’S, MECHANIC’s, ARCHITECT’S, 
BUILDER’S, ETC,, TABLES AND MEMORANDA, Selected and 
Arranged by FRANCIS SMITH. Seventh Edition, Revised, including 
ELECTRICAL TABLES, FORMUL#, and MEMORANDA. Waistcoat-pocket 
size, limp leather ... aoe a oie ais nike is. 6d. 


“The best example we have ever seen of 270 pages of useful matter packed into the dimensions 
of a card-case.”—Building News. 


ENGINEER’S YEAR-BOOK FOR 1908, Comprising For- 
mule, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. KEMPE, M.Inst.C.E., 
Electrician to the Post Office formerly, Principal Staff Engineer, Engineer- 
in-Chief’s Office, General Post Office, London, Author of “A Handbook 
of Electrical Testing,” “The Electrical Engineer’s Pocket-Book,” etc. 
With 1,000 Illustrations, specially Engraved for the work. Crown 8vo, 
950 pp., leather... es he id w+ [Just published. 8s. 
“Kempe’s Year-Book really requires no commendation. Its sphere of usefulness is widely 


known, and it is used by engineers the world over. "—The Engineer. 
“The volume is distinctly in advance of most similar publications in this country.” —ZEugineering. 
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ENGINEMAN’S POCKET COMPANION, and Practical 
Educator for Enginemen, Boiler Attendants, and Mechanics. By 
MiCHAEL REYNOLDS. With 45 Illustrations and numerous Diagrams. 
Fifth Edition. Royal 18mo, strongly bound for pocket wear 3s. 6d. 


EXCAVATION (EARTH AND ROCK). A Practical 
Treatise, by CHARLES PRELINI, C.E. 365 pp., with Tables, many 
Diagrams and Engravings. Royal 8vo, cloth wae is lVet 16s. 


FACTORY ACCOUNTS. Their Principles and Practice. A 


Handbook for Accountants and Manufacturers. By GARCKE E. and 
J. M. FELLS. Crown 8vo, cloth ‘ 7s. 6d. 


FIRES, FIRE-ENGINES, AND FIRE BRIGADES. Witha 
History of Fire-Engines, their Construction, Use, and Management. 
Hints on Fire-Brigades, &c. By C. F. T. YOUNG, C.E. 8vo, cloth 


£1 4s. 
FOUNDATIONS AND CONCRETE WORKS. With 


Practical Remarks on Footings, Planking, Sand and Concrete, Béton, 
Pile-driving, Caissons, and Cofferdams. By E. Dospson. Crown 8vo. 


Is. 6d. 
FUEL, ITS COMBUSTION AND ECONOMY. Consisting 


of an Abridgement of “A Treatise on the Combustion of Coal and the 
Prevention of Smoke.” By C. W. WILLIAMS, A.Inst.C.E. With exten- 
sive Additions by D. KINNEAR CLARK, M.Jnst.C.E. Fourth Edition. 
Crown 8vo, cloth ... i Bae Ft a : 35. 6d. 


FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis 
and Valuation. For the Use of Chemists and Engineers. By H. le 
PHILLIPS, F.C.S., formerly Analytical and Consulting Chemist to the 
Great Eastern Railway. Fourth Edition. Crown 8vo, cloth 2s. od. 


GAS AND OIL ENGINE MANAGEMENT. A Practical 
Guide for Users and Attendants, being Notes on Selection, Construction 
and Management. By M. Powis BALE, M.Inst.C.E., M.I.Mech.E. 
Author of “Woodworking Machinery,” etc. Second Edition, with an 
additional Chapter on Gas Producers. Crown 8vo, cloth et 3s. 6d. 
SELECTING AND Frxinc a Gas ENGINE—PRINCIPLE OF WORKING, ETC.—FAILURES AND 


Derects—Vatves, Icnition, Piston RinGs, ETC.—O1L ENGINES—Gas PrRopucERS—RULES 
TABLES, ETC. 4 


GAS ENGINEER’S POCKET-BOOK. Comprising Tables, 
Notes and Memoranda relating to the Manufacture, Distribution, and 
Use of Coal Gas and the Construction of Gas Works. By H. O’CONNOR 
A.M.Inst.C.E. Third Edition, Revised. Crown 8vo, leather f 


Vet tos. 6d. 


see 


“‘ The book contains a vast amount of information.”—Gas World. 


GAS-ENGINE HANDBOOK. A Manual of Useful Information 
for the Designer and the Engineer. By E. W. ROBERTS, M.E. With 
Forty Full-page Engravings. Small F’cap. 8vo, leather Net 8s. 6d. 
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GAS-ENGINES AND PRODUCER-GAS PLANTS. A 
Treatise setting forth the Principles of Gas Engines and Producer 
Design, the Selection and Installation of an Engine, the Care of Gas 
Engines and Producer-Gas Plants, with a Chapter on Volatile Hydro- 
carbon and Oil Engines. By R. E. MaTHot, M.E. Translated from 
the French. With a Preface by DUGALD CLERK, M.Inst.C.E., F.C.S. 
Medium 8vo, cloth, 310 pages, with about 150 Illustrations Net 128. 


MorivE Power anp Cost or INSTALLATION—SELECTION OF AN ENGINE—INSTALLATION 
OF AN ENGINE—FouUNDATION AND ExHaustT—WATER CiRCULATION—LUBRICATION—CONDITIONS 
oF Perrecr OPERATION—How To START AN ENGINE—PRECAUTIONS—PERTURBATIONS IN THE 
OPERATION OF ENGINES—PRODUCER-Gas ENGINES—PRODUCER-GAS—PRESSURE Gas-PRODUCERS 
—Sucrion Gas-PropucERs—OIL aNnD VOLATILE HyprocARBoN ENGINES—THE SELECTION 
OF AN ENGINE. 


GAS ENGINES. With Appendix describing a Recent Engine with 
Tube Igniter. By T. M. GOODEVE, M.A. Crown 8vo, cloth 2s. 6d. 


GAS ENGINES, See INTERNAL ComBusTION ENGINES. 
GAS MANUFACTURE, CHEMISTRY OF. A Practical 


Manual for the Use of Gas Engineers, Gas Managers and Students. By 
HAROLD M. ROyLE, F.C.S., Chief Chemical Assistant at the Beckton 
Gas Works. Demy 8vo, cloth. 340 pages, with numerous Illustrations 
and Coloured Plate... ... [Just published. Net 12s. 6d. 


PREPARATION OF STANDARD Ocnareham ema’ oF CoaLs—DEscriPTION OF VARIOUS 
Types or FuRNACES—PRODUCTS OF CARBONISATION AT VARIOUS TEMPERATURES—ANALYSIS OF 
Crupe Gas—ANALYysIs oF LimE—ANALYsSIS OF AMMONIACAL LIQUOR—ANALYTICAL VALUATION 
oF OxIDE oF IRoN—EsrimMaTION oF NaPHTHALIN—ANALYSIS OF FirE-BrRICKS AND FirE-CLay 
—ArT oF PHOTOMETRY—CARBURETTED WATER GAS—APPENDIX CONTAINING STATUTORY AND 
OrFiIcIAL REGULATIONS FOR TeEsTInG Gas, VALUABLE EXCERPTS FROM VARIOUS IMPORTANT 
Papers oN Gas CueEmisTry, USEFuL Tastes, MEMORANDA, ETC. 


GAS WORKS. Their Construction and Arrangement, and the 
Manufacture and Distribution of Coal Gas. By S. HuGHEsS,C.E. Ninth 
Edition. Revised, with Notices of Recent Improvements, by HENRY 


O’Connor, A.M. Inst.C.E. Crown 8vo, cloth any ag a 6s. 
GEOMETRY. For the Architect, Engineer, and Mechanic. By 
E. W. TARN, M.A., Architect. 8vo, cloth nee ‘ Qs. 
GEOMETRY FOR TEGHNICAL SL UPEN TS. By E. H. 
SPRAGUE, A.M.Inst.C.E. Crown 8vo, cloth . aie Net is. 
GEOMETRY OF COMEASSES,» baat OLIVER ByRNE. Coloured 
Plates. Crown 8vo, cloth ae 3s. 6d. 
HEAT, EXPANSION OF Sd BGLUBES BY. By Joun 
KEILY, C.E. Crown 8vo, cloth.. es 3s. Od. 


HOISTING MACHINERY. Including the Elements of Crane 
Construction and Descriptions of the Various Types of Cranes in Use. 
By JOSEPH HORNER, A.M.I.M.E. Crown ee cloth, with 215 Illustra- 
tions, including Folding Plates a «a | LVee 78. 6d. 


HYDRAULIC MANDAL. ee of aie Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and 
Field Operations. By Lowis D’A, ieee Fourth Edition, Enlarged. 
Large Crown 8vo, cloth re alas 168. 
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HYDRAULIC POWER ENGINEERING. A Practical 
Manual on the Concentration and Transmission of Power by Hydraulic 
Machinery. By G. CRoyDON Marks, A.M.Inst.C.E. Second Edition, 


Enlarged, with about 240 Illustrations. 8vo, cloth aco tVel LOS. Od, 

SUMMARY OF CONTENTS :—Princie.es or Hyprautics—THEe FLow or Water— 
HyprAutic Pressures —MatTertaL—Terst Loap—PACKING FOR SLIDING SURFACES—PIPE JOINTS 
—CONTROLLING VALVES—PLaTFOoRM Lirts—WorRKSHOP AND FouNDRY CRANES—WAREHOUSE 
AND Dock Cranes—HyprRauLic ACCUMULATORS— PRESSES FOR BALING AND OTHER PuRPOSES— 
SHEET Metart WorkKING AND ForGinc MAcHINERY—HypRAvULic RIVETERS—HAND AND PowER 
Pumps—StTeamM_ Pumps—TursinES—Imputs—E TurBINES— REACTION TURBINES—DESIGN OF 
‘TURBINES IN DETaiIL—WaTER WuHEELS—HyprRaAuULIC ENGINES— RECENT ACHIEVEMENTS— 
PRESSURE OF WATER—ACTION OF Pumps, ETC. 


HYDRAULIC TABLES, CO-EFFICIENTS, AND 
FORMUL&, For Finding the Discharge of Water from Orifices, 
Notches, Weirs, Pipes, and Rivers. With New Formule, Tables, and 
General Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By JOHN NEVILLE, C.E., 
M.R.I.A. Third Edition, Revised, with additions. Numerous IIlustra- 
tions. Crown 8vo, cloth... a 4 : 14s. 


INTERNAL COMBUSTION ENGINES. Their Theory, 
Construction, and Operation. By ROLLA C. CARPENTER, M.M.E., 
LL.D., and H. IJIEDERICHS, M.E., Professors of Experimental Engi- 
neering, Sibley College, Cornell University. 610 pages, with 373 Illus- 
trations. Medium 8vo, cloth ... sc | Just published. Net 21s. 
InTRODUCTION, DEFINITIONS AND CLASSIFICATIONS, INDICATED AND BRAKE HoRSE-pPOWER— 

THERMODYNAMICS OF THE Gas ENGINE—THEORETICAL COMPARISON OF VarRIOUS TYPES OF 

INTERNAL CompusTION ENGINES—THE Various EvENTS oF THE CONSTANT-VOLUME AND 

ConsTANT-PRESSURE CycLE as Mopiriep sy Practicat ConpiTIoNs—THE TEMPERATURE 

Entropy Diacram APPLIED TO THE Gas EncGinE—ComBusT1Ion—Gas-ENGINE FUELS, THE 

Sotip Furts, Gas Propucers—TuHE Gas-Encine Fuets, Liguip Furets, CARBURETERS AND 

VAPORISERS—GAS-ENGINE FUELS, THE Gas FUELS, THE FUEL MrIxtTuRE ExPLOSIBILITY, PREs- 

SURE AND TEMPERATURE—THE History oF THE Gas ENGINE—MOopERN TypEs oF INTERNAL 

Comsustion Encines—Gas ENGINE AvxILiarirs, IGNITION, MUFFLERS, AND STARTING 

APPARATUS—REGULATION OF INTERNAL ComBusTION ENGINES—THE EstTIMaTION OF POWER 

or Gas Encines—MEtTuHops oF TESTING INTERNAL ComBUSTION ENGINES—THE PERFORMANCE 

oF Gas ENGINES AND Gas Propucers—Cost or INSTALLATION AND OF OPERATION. 


IRON AND METAL TRADES COMPANION. For Ex- 
peditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from Is. per cwt. to I12s, per cwt., and from one farthing per 
pound to one shilling per pound. By THOMAS Downlir. Strongly 
bound in leather, 396 pp. oe Os. 


IRON AND STEEL. A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for 
Ironmasters and their Stock-takers ; Managers of Bar, Rail, Plate, and 
Sheet Rolling Mills ; Iron and Metal Founders ; Iron Ship and Bridge 
Builders ; Mechanical, Mining, and Consulting Engineers ; Architects, 
Contractors, Builders, etc. By CHARLES HOARE, Author of “The 
Slide Rule,” etc. Ninth Edition. 32mo, leather ... vee oe 6s. 


IRON AND STEEL CONSTRUCTIONAL WORK, as 


applied to Public, Private, and Domestic Buildings. By FRANCIS 
CAMPIN, C.E. Crown 8vo, cloth 8 - : Le 3s. 6d. 


IRON AND STEEL GIRDERS, A Graphic Table for Facili- 
tating the Computation of the Weights of Wrought Iron and Steel 
Girders, etc., for Parliamentary and other Estimates, By J. H. Watson 
Buck, M.Inst.C.E. Ona Sheet sti ne ae 2s. 6d. 
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JRON-PLATE WEIGHT TABLES. For Iron Shipbuilders, 
Engineers, and Iron Merchants. Containing the Calculated Weights of 
upwards of 150,000 different sizes of Iron Plates from 1 ft. by 6 in. by 
} in. to ro ft. by 5 ft. by 1 in. Worked out on the basis of 4o lbs. to the 
square foot of Iron 1 in. in thickness. By H. BURLINSON and W. H. 
SIMPSON. 4to, half-bound* na a Se £1 55. 


IRRIGATION (PIONEER). A Manual of Information for 
Farmers in the Colonies. By E. O. Mawson, M.Inst.C.E., Executive 
Engineer, Public Works Department, Bombay. With Chapters on Light 
Railways by E. R. CALTHROP, M.Inst.C.E., M.I.M.E. With Plates and 
Diagrams. Demy 8vo, cloth tos ae aes = JVet 10s. 6d. 


VALUE OF IRRIGATION, AND SOURCES OF WaTER SuppLv—Dams anp WeErRs—CaNnaLs— 
UNDERGROUND WaTER—METHODS oF IRRIGATION—SEWAGE I[RRIGATION—IMPERIAL AUTOMATIC 
StuicE GATES—THE CULTIVATION OF IRRIGATED Crops, VEGETABLES, AND Fruit TREES— 
Licut Ratways FoR Heavy TRAFFIC—USEFUL MEMORANDA AND Data. : 


LATHE PRACTICE. A Complete and Practical Work on the 
Modern American Lathe. By Oscar E. PERRIGO, M.E., Author of 
“Modern Machine Shop Construction, Equipment, and Management,” 
etc. Medium 8vo, 424 pp., 315 illustrations. Cloth ae Net 128. 


History oF THE LATHE UP TO THE INTRODUCTION OF ScREW THREADS—ITS DrVELOPMENT 
SINCE THE INTRODUCTION OF SCREW THREADS—CLASSIFICATION oF LATHES—LATHE DEeEsi1GN: 
tHE BED AND ITS SUPPORTS—THE HEap-STOCK CASTING, THE SPINDLE, AND SPINDLE-CONE—THE 
SpInDLE BEARINGS, THE Back GEARS, AND THE TRIPLE-GEAR MECHANISM—THE Tait STOCK, 
THE CARRIAGE, THE APRON, ETC.—TuRNING Rests, SupporTING REsTS, SHAFT STRAIGHTENERS, 
ETc.—_ LATHE ATTACHMENTS—Rarip CHANGE GEAR MEcHANISMS—LATHE TOOLS, HIGH-SPEED 
STEEL, SPEEDS AND FEEDS, POWER FOR CUTTING Toots, ETc.—TxEsTING 4 LATHE—LATHE WORK 
—EncIne LATHES—HEaAvy LaTHES—Hicu-sPpereD LaTHES—SpeciaL LaTHES—REGULAR TURRET 
LaTHES—SPECIAL TURRET LATHES—ELECTRICALLY-DRIVEN LATHES. 


LATHE-WORK. A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By PauL N. HASLUCK. 
Eighth Edition. Crown 8vo, cloth ... as a 5S. 


LAW FOR ENGINEERS AND MANUFACTURERS. 
See EVERY MAN’s OWN LAWYER. A Handybook of the Principles of 
Law and Equity. Bya Barrister. Forty-fifth (1908) Edition, Revised 
and Enlarged, including Abstracts of the Legislation of 1906-7 of especial 
interest to Engineering Firms and Manufacturers, such as the Work- 
men’s Compensation Act, 1906; the Prevention of Corruption Act, 1906 ; 
the Trades Disputes Act, 1906; the Census of Production Act, 1906 ; 
the New Companies Act, 1907 ; the Limited Partnerships Act, 1907 ; the 
Patent and Designs Act, 1907, and many other recent Acts. Large 
crown 8vo, cloth, 838 pages ... iG [ Just published. Net 6s. 8d. 


LEVELLING, PRINCIPLES AND PRACTICE OF. Showing 
its Application to Purposes of Railway and Civil Engineering in the Con- 
struction of Roads; with Mr. TELFORD’s Rules for the same. By 
FREDERICK W. SIMMS, M.Inst.C.E. Ninth Edition, with Law’s 
Practical Examples for Setting-out Railway Curves, and TRAUTWINE’S 
Field Practice of Laying-out Circular Curves. With seven Plates and 
numerous Woodcuts. 8vo siea hs vel 8s. 6d. 


LOCOMOTIVE ENGINE. The Autobiography of an old Loco- 
motive Engine. By ROBERT WEATHERBURN, M.I.M.E. With Illus- 
trations and Portraits of GEORGE and ROBERT STEPHENSON. Crown 
By0, ClO nas ree Re er Piss pee Net 2s. 6d. 
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LOCOMOTIVE ENGINE DEVELOPMENT. A Popular 
Treatise on the Gradual Improvements made in Railway Engines 
between 1803 and 1903. By CLEMENT C. STRETTON, C.E. Sixth 
Edition, Revised and Enlarged. Crown 8vo, cloth ... Net 48. 6d. 


LOCOMOTIVE ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Locomotive Engines. By MICHAEL REYNOLDS, 


M.S.E. Twelfth Edition. Crown 8vo, cloth, 3s. 6d. ; cloth boards ae 
¢ 4s. 6d. 


LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By 
G. D. DEMPsEy, C.E. With large additions treating of the Modern 
Locomotive, by D. K, CLARK, M.Inst.C.E. With Illustrations. Crown 
8vo, cloth a ee 3s. 


LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine- 
boy. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By MICHAEL REYNOLDS. Crown 8vo, 
cloth, 3s. 6d. ; cloth boards aes a ss 45. Od. 


LOCOMOTIVES, THE APPLICATION OF HIGHLY 
SUPERHEATED STEAM TO. See STEAM. 


MACHINERY, DETAILS OF. Comprising Instructions for 


the Execution of various Works in Iron in the Fitting Shop, Foundry, 
and Boiler Yard. By FRANCIS CAMPIN, C.E. Crown 8vo, cloth 35s. 


MACHINE SHOP TOOLS. A Practical Treatise describing in 
every detail the Construction, Operation and Manipulation of both Hand 
and Machine Tools ; being a work of Practical Instruction in all Classes 
of Modern Machine Shop Practice, including Chapters on Filing, 
Fitting and Scraping Surfaces ; on Drills, Reamers, Taps and Dies; 
the Lathe and its Tools; Planers, Shapers and their Tools ; Milling 
Machines and Cutters; Gear Cutters and Gear Cutting ; Drilling 
Machines and Drill Work; Grinding Machines and their Work ; 
Hardening and Tempering, Gearing, Belting, and Transmission 
Machinery ; Useful Data and Tables. By W. H. Van DERVOORT, M.E. 
Illustrated by 673 Engravings. Medium 8vo  ... ane Vet 21s. 


MAGNETOS FOR AUTOMOBILISTS: How made and How 
used. A handybook on their Construction and Management. ByS. R. 
BOTTONE. Crown 8vo, cloth . Net 2s. 


MARINE ENGINEERING, An Elementary Manual for Young 
Marine Engineers and Apprentices. By J. S. BREWER. Crown 8vo, 
cloth... ons é ; ii ‘ : Is. 6d. 


MARINE ENGINEER’S GUIDE to Board of Trade Examina- 
tions for Certificates of Competency. Containing all Latest Questions 
to Date, with Simple, Clear, and Correct Solutions ; 302 Elementary 
Questions with Illustrated Answers, and Verbal Questions and Answers ; 
complete Set of Drawings with Statements completed. By A.C. WANNAN, 
C.E., Consulting Engineer, and E. W. I, WANNAN, M.1.M.E., Certifi- 
cated First Class Marine Engineer. With numerous Engravings, 
Fourth Edition, Enlarged. 500 pages. Large Crown 8vo, cloth 


Net tos. 6de 


CIVIL, MECHANICAL, ELECTRICAL & MARINE ENGINEERING. 17 





MARINE ENGINEER’S POCKET-BOOK. Containing latest 
Board of Trade Rules and Data for Marine Engineers. By A. C. WANNAN. 
Fourth Edition, Revised, Enlarged, and brought up to Date. Square 
18mo, with thumb Index, leather... are iss aes oe 5S. 


MARINE ENGINES AND BOILERS. Their Design and 
Construction. A Handbook for the Use of Students, Engineers, and 
Naval Constructors. Based on the Work “ Berechnung und Konstruktion 
der Schiffsmaschinen und Kessel,” by Dr. G. BAUER, Engineer-in-Chief 
of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second 
German Edition by E. M. DonkKIN and S. BRYAN DONKIN, A.M.1.C.E. 
Edited by LESLIE S. ROBERTSON, Secretary to the Engineering Standards 
Committee, M.I.C.E., M.I.M.E., M.I.N.A., Etc. With numerous Illus- 
trations and Tables. Medium $8vo, cloth ... ga ee Vet 25s. 


SUMMARY OF CONTENTS:—PART I. MAIN ENGINES: DETERMINATION OF 
CYLINDER DIMENSIONS—THE UTILISATION OF STEAM IN THE ENGINE—STROKE OF PIsTON— 
Numser or RevoLuTions—TuRNING MomMENT—BaLaNCING OF THE MoviInG Parts—ARRANGE- 
MENT oF Main Encines—Deraits or Main Encines—THE CYLINDER—VALVES— VARIOUS 
Kinps oF VALVE GEAR—PiIsToN Rops—PisToNns—COoNNECTING RoD AND CROSSHEAD—VALVE 
Gear Rops—Bep PLatTEs—ENGINE CoLuMNS—REVERSING AND TURNING Gear. PART II. 
PUMPS: Arr, CircuLaTING FEED, AND Auxu.1aRyY Pumps, PART III: SHAFTING, RE- 
SISTANCE OF SHIPS, PROPELLERS: Turust Suart anp THRUST BLiockK—TUNNEL 
SHAFTS AND PLUMMER BiocKs--SHAFT CouPLINGS—STERN TusE—THE ScrEw PROPELLER— 
ConsTRUCTION OF THE ScREW. PART IV. PIPES AND CONNECTIONS: GENERAL 
REMARKS, FLANGES, VALVES, ETC.—UNDER-WATER Firrincs—Main STEAM, AUXILIARY STEAM, 
AND EXHAUST PrpING—FEED WaTER, BitGe, BALLAST AND CIRCULATING PIPEs. PART V. 
STEAM BOILERS: FiriInG AND THE GENERATION OF STEAM—CYLINDRICAL BoILERS— 
LocoMoTivE BotLeRs—WaTeR-TuBE BOILERS—SMALL TUBE Water-TusE BoILERS—SMOKE 
Box—FuNNEL AND BorLer Laccinc—ForceD DrRavGHT—BOILER Firrincs Anp MounrTINGS. 
PART VI. MEASURING INSTRUMENTS. PART VII. VARIOUS DETAILS: Botts, 
Nuts, Screw THREADS, ETC.—PLATFORMS, GRATINGS, LADDERS—F OUNDATIONS—SEATINGS— 
LuBricATION—VENTILATION OF ENGINE Rooms—RULES FOR SPARE Gear. PART VIII. 
ADDITIONAL TABLES. 


“This handsome volume contains a comprehensive account of the design and construction of 
modern marine engines and boilers. Its arrangement is excellent, and the numerous illustrations 
represent recent practice for all classes of warships and vessels of the mercantile marine. His position 
as Engineer-in-Chief of the great Vulcan Works at Stettin gave the author special facilities for 
selecting illustrations from the practice of that firm, which has built many of the swiftest types of 
steamships for both war and commerce. Other German firms and the German Admiralty have been 
equally generous in contributing information, while a large proportion of the Illustrations is drawn 
from English technical journals and the proceedings of our engineering societies. American practice 
is also represented. The compilation has been laborious, no doubt, but it constitutes a valuable 
book of reference and a treasury of information. The English editor and his assistants have done 
their work well, both in translation and in the conversion of metric to English measures, ’—The Times. 


MARINE ENGINES’ AND STEAM VESSELS. _ By 
R. Murray, C.E. Eighth Edition, thoroughly Revised, with Additions 


by the Author and by GEORGE CARLISLE, C.E. Crown 8vo, cloth ar 
4s. 6d. 


MASONRY DAMS FROM INCEPTION TO COM- 
PLETION, Including numerous Formule, Forms of Specification and 
Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining 
Engineers. By C. F. COURTNEY, M.Inst.C.E. 8vo, cloth Ses Qs. 


MASTING, MAST-MAKING, AND RIGGING OF 
SHIPS, Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and 
Hemp Ropes, etc., relative to every class of vessels. By R. KIPPING. 
Crown 8yo, cloth ee ae a 138 ease asi 2s. 


MATERIALS AND CONSTRUCTION. A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of 
Construction. By F. CAMPIN. Crown 8vo, cloth aT a 33. 
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MATERIALS, A TREATISE ON THE STRENGTH OF. 
By P. BARLOW, F.R.S., P. W. BARLOW, F.R.S., and W. H. BARLOw, 
F.R.S. Edited by WM. HuMBER, A.M.Inst.C.E. 8vo, cloth ... 18s. 


MATHEMATICAL TABLES. For Trigonometrical, Astrono- 
mical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms, by H. LAw, C.E. With Tables for Navigation and Nautical 
Astronomy. By Prof. J. R. YOUNG. Crown 8vo, cloth ... aes 4S. 


MEASURES: BRITISH AND AMERICAN CUSTOM- 
ARY AND METRIC LEGAL MEASURES. For Commercial and 
Technical Purposes, forming the Measure Section of Part I. of “The 
Mechanical Engineer’s Reference Book.” By NELSON FOLEY, M.I.N.A. 
Folio, cloth Bt See Be ar, [Just ready. Net 5s. 


Measures: LEGAL STANDARDS—LINEAL—SQUARE—CuBIC AND CAPpaAcITY—WEIGHT— 
Comrounp_Units—Vetocity anp SprED—MeEasurES oF Graviry—Mass—ForcE—WorK— 
Power — Evecrricat — Heat — Moments — ENERGY — MomENn TUM — CENTRIFUGAL FoRCE — 
ANGLES—EQUIVALENTS : Customary Measures TO METRIC, AND vice versa—LINEAL—SQUARE 
—CusBic AND CapaciIry—WEIGHTS. 


MECHANICAL ENGINEERING. Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical 
Manipulation, Manufacture of the Steam Engine, etc. By FRANCIS 
CAMPIN, C.E, Third Edition. Crown 8vo, cloth ... Hee 2s. 6d. 


MECHANICAL ENGINEERING TERMS. LOCKWOOD’S 
DICTIONARY. Embracing terms current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, etc. 
Comprising upwards of 6,000 Definitions. Edited by J. G. HORNER, 
A.M.I.M.E. Third Edition, Revised, with Additions. Crown 8vo, cloth. 

Vet 7s. 6d. 


MECHANICAL ENGINEER’S COMPANION. | Areas, 
Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
Squares, cubes, roots, etc.; Strength of Bolts, Weight of Iron, ete. ; 
Weights, Measures, and other Data. Also Practical Rules for Engine 
Proportions. By R. EDWARDS, M.Inst.C.E. F’cap. 8vo, cloth 3s. 6d. 


MECHANICAL ENGINEER’S POCKET-BOOK. Com- 
prising Tables, Formulz, Rules, and Data: A Handy Book of Reference 


for Daily use in Engineering Practice. By D. KINNEAR CLARK, 
M.Inst.C.E., Sixth Edition, thoroughly Revised and Enlarged. By 
H. H. P. Powes, A.M.Inst.C.E.,M.I.M.E. Small 8vo, 700 pp., Leather. 

Net 6s. 


MarTuHemaricat. TABLES—MEASUREMENT OF SURFACES AND SoLtips—EnGiisH WEIGHTS 
AND MeaAsurES—FRENCH Metric WEIGHTS AND MEAsURES—FOREIGN WEIGHTS AND MEasures 
—Moneyvs—Speciric Gravity, WEIGHT, AND VoLuME—MANUFACTURED MetTaLts—STEEL Pipes 
—Botts ann Nuts—Sunpry ARTICLES IN Wroucur anp Cast Iron, CoprEr, Brass Leap. 
Tin, Zinc—STRENGTH OF MATERIALS—STRENGTH OF TimBER—STRENGTH oF Cast IRonN— 
STRENGTH OF WrouGHT IRoN—STRENGTH OF STEEL—TENSILE STRENGTH oF CoppER LrEap 
ETC.—RESISTANCE OF STONES AND OTHER BUILDING MaTERIALS—RIVETED JoInts n Ronse 
PLATEs—BoILER SHELLS—WrirRE ROPES AND Heme Ropgs—Cuarns and’ CHaIN Casites— 
FRAMING—HARDNESS OF MeErAts, ALLoys, AND SToNES—LABOUR OF ANIMALS—MECcHANICAL 
PrincipL—Es—GRAVITY AND FALL oF Bopies — ACCELERATING AND RETARDING Forces— Mitt 
GEARING, SHAFTING, ETC.—TRANSMISSION OF Motive Power—HeEat—Compustion : Furts— 
Warnmina, VENTILATION, CookinG Stoves—STEAM—STEAM ENGINES AND Borters—Raitways 
—Tramways—Sream Suips—Pumpinc STEAM ENGINEs AND Pumps—CoaL Gas—Gas ENGINES 
ETC.— Air 1n Motion —ComprEssED Atr—Hort-Arr EncInzEs—WaATER PowER— SprEp OF 
Currinc Toots—CoLtours—ELECTRICAL ENGINEERING, 
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MECHANICAL ENGINEER’S REFERENCE BOOK. For 
Machine and Boiler Construction. By NELSON FoLey, M.I.N.A. 
New Edition, Revised throughout and much Enlarged. To be issued 
in parts. In Preparation. 
The Measure Section of Part I—BRITISH AND AMERICAN CUS- 
TOMARY AND METRIC *LEGAL. MEASURES—now ready. See 
under MEASURES. 


MECHANICAL HANDLING OF MATERIAL, A Treatise 
on the Handling of Material such as Coal, Ore, Timber, etc., by 
Automatic or Semi-Automatic Machinery, together with the Various 
Accessories used in the Manipulation of such Plant, and Dealing fully 
with the Handling, Storing, and Warehousing of Grain. By Gs F. 
ZIMMER, A.M.Inst.C.E. 528 pp. Royal 8vo, cloth, with 550 Illustrations 
(including Folding Plates) specially prepared for the Work ... Vet 255. 


MECHANICS. Beinga concise Exposition of the General Principles 
of Mechanical Science and their Applications. By C. TOMLINSON, 
F.R.S. Crown 8vo, cloth Rae Ses 1s. 6d. 


MECHANICS CONDENSED. A Selection of Formul, Rules, 


Tables, and Data for the Use of Engineering Students, etc. By 
W. G. C. HuGHES, A.M.I.C.E. Crown 8vo, cloth ... Sng 2s. 6d. 


MECHANICS OF AIR MACHINERY. By Dr. J. Wirspacu 
and Prof. G. HERRMANN. Authorised Translation with an Appendix on 
American Practice by A. TROWBRIDGE, Ph.B., Adjunct Professor of 
Mechanical Engineering, Columbia University. Royal 8vo, cloth 

Vet 18s. 

MECHANICS’ WORKSHOP COMPANION. Comprising 
a great variety of the most Useful Rules and Formule in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results 
for Facilitating Mechanical Operations. By WILLIAM TEMPLETON, 
Author of “The Engineer’s Practical Assistant,” etc., etc. Eighteenth 
Edition, Revised, Modernised, and considerably Enlarged by W. S. 
Hutton, C.E., Author of “The Works’ Manager’s Handbook,” etc. 
F’cp. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Diagrams, 
leather ae ae Bee es ve me aaa sas Ss. 

MECHANISM AND MACHINE TOOLS. By T. Baker, 
C.E. With Remarks on Tools and Machinery by J. Nasmytu, C.E. 
Crown 8vo, cloth ... sie i oe ie said a 2s. 6d. 

MENSURATION AND MEASURING. With the Mensura- 
tion and Levelling of Land for the Purposes of Modern Engineering. 
By T. BAKER, C.E. New Edition by E. NUGENT, C.E. Crown 8vo, 
cloth... as ee oa me Bon ee ai 233 Is. 6d. 

METAL-TURNING. A Practical Handbook for Engineers, 
Technical Students, and Amateurs. By JOSEPH HORNER, A.M.I.Mech.E., 
Author of “ Pattern Making,” etc. Large Crown 8vo, cloth, with 488 


Illustrations we hae A nas ve a Vet 9S. 

SumMmaRY oF CONTENTS :—INTRODUCTION—RELATIONS OF TURNERY AND MACHINE SHOP— 
Sec. I. TH# LATHE, 1Ts WorK AnD Toors-- Forms anp Functions of Toots—ReEMARKS ON 
TURNING IN GENERAL—SEC. II. TURNING BETWEEN CENTRES—CENTRING AND Drivinc—UsE OF 
SreapIES EXAMPLES OF TURNING INnvoLVING LINING-oUT FOR CENTRES—MANDREL WorkK— 
Sec. III. Work supporTep aT OnE Enp—Face PLATE TuRNING—ANGLE PLaTE TuRNING— 
INDEPENDENT Jaw Cuucks —ConcenTric, UNIvERSAL, TOGGLE, AND ApprLiep Cuucks—Szc. IV. 
INTERNAL WorK—DRILLING, BorinG, AND ALLIED OpERATIONS—SEc. V. SckEWw CUTTINGS AND 
TuRRET WorK—SEc. VI. MiscELLANEOUS—SrECIAL WoRK—MEASUREMENT, GRINDING— TOOL 
HoLpeRS—SPEED AND FreEps, Toot STkELS—STEEL Makers’ INSTRUCTIONS, 
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METRIC TABLES, . In which the British Standard Measures and 
Weights are compared with those of the Metric System at present in 
Use on the Continent. By C.H. DOWLING, C.E. 8vo,cloth ros. 6d. 


MILLING MACHINES; their Design, Construction, and Work- 
ing. A Handbook for Practical Men and Engineering Students. 


By JOSEPH HORNER, A.M.I.Mech.E., Author of “Pattern Making,” 
etc. With 269 Illustrations. Medium 8vo, cloth... Vet 12s. 6d. 


Leapinc ELements of Mitytinc Macuine DESIGN AND COoNSTRUCTION—PLAIN AND 
UniversaL MacHinges—ATTACHMENTS AND BRACINGS—VERTICAL SPINDLES MacuInEs—PLano- 
Mitters or SLapstinc Macuines—SpectaL Macuines—Cutters — MILLING OPERATIONS— 
INDEXING, SprraAL WorK, aND Worm, Spur, AND BEVEL Gears, ETCc.—SpuR AND BEVEL GEAKS 
—FEEDS AND SPEEDS, 


MOTOR CAR CATECHISM. Containing about 320 Questions 


and Answers Explaining the Construction and Working of a Modern Motor 
Car. For the Use of Owners, Drivers, and Students. By JOHN HENRY 


KNIGHT. Crown 8vo, with Illustrations. [ Just published. Net 1s. 6d. 
THE PETROL ENGINE—TRANSMISSION AND THE Cuassis—Tyres—DutTigs of a CaR DRIVER 
—Laws anpD REGULATIONS. 


MOTOR CARS FOR COMMON ROADS. By A. J. WaLLIs- 
TAYLER, A.M.Inst.C.E. 212 pp-, with 76 Illustrations. Crown ores 
cloth... eo) na 4S. : 


MOTOR VEHICLES FOR BUSINESS PURPOSES. A 


Practical Handbook for those interested in the Transport of Passengers 
and Goods. By A. J. WALLIS-TAYLER, A.M.Inst.C.E. With 134 Illus- 
trations. Demy 8vo, cloth : ee Vet 9s. 


NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET-BOOK, Of Formule, Rules, and Tables, and Marine 
Engineer’s and Surveyors Handy Book of Reference. By CLEMENT 
Mackrow, M.I.N.A. Ninth Edition. F’cap., leather Vet 12s. 6d. 


Sicns anp Sympots, DecimaL FRACTIONS — TRIGONOMETRY—PRacTICcAL GEOMETRY — 
MENSURATION — CENTRES AND MOoMENTS oF Figures — Moments oF INERTIA AND Rapit 
GyRATION— ALGEBRAICAL EXPRESSIONS FOR SIMPSON’S Routes — Mecuanicat PrincipLEs— 
CENTRE OF GRaviry—Laws oF Morion—DispLacEMENT, CENTRE OF Buoyancy— CENTRE 
or Gravity or Suie’s Hutt—Srasitity Curves AND METACENTRES—SEA AND SHALLOW- 
WATER WaAvES—ROLLING oF SHIpS—PROPULSION AND RESISTANCE oF VESSELS—SPEED TRIALS— 
SAILING, CENTRE oF ErrorT—DIsTances Down Rivers, Coast Lines—SrrerinG anD RUDDERS 
or VEssSELS—LAUNCHING CALCULATIONS AND VELOCITIES—WEIGHT OF MATERIAL AND GEAR 
—Gun ParticuLars AND WeEiGHT—STANDARD Gaucrs—RIVETED Joints anp RIVETING— 
STRENGTH AND TEsTs oF MATERIALS — BINDING AND SHEARING STRESSES — STRENGTH OF 
SHAFTING, PILLARS, WHEELS, ETC.—HYDRAULIC Data, ETc.—Conic Sections, CATENARIAN 
CurvEs—MECHANICAL Powers, WorK—BoarD oF TRADE REGULATIONS FOR BOILERS AND 
EnGinEs—Boarpv or TRADE REGULATIONS FOR Suirs—Lioyps RULES FOR BoILErs—Ltoyp’s 
Wercur or Cuatns—Luioyp’s SCANTLINGS FOR Suips—Darta or ENGINES AND VESSELS—SuHIPs? 
Firtincs anp Trests—SrasoninG PRESERVING TIMBER—MEASUREMENT OF TImBER—ALLoys, 
Paints, VARNISHES—DaATA ror STOWAGE—ADMIRALTY TRANSPORT REGULATIONS—RULES FOR 
Horse-powEr, SCREW PROPELLERS, ETC.—PERCENTAGES For Burr Srrars—PAarTICULARS OF 
YacutTs—MastinGc AnD RIGGING—DISTANCES OF ForEIGN Ports—TonnaGE TaBLEs—VocCABULARY 
of FRENCH AND ENGLIsH TERMS—ENGLISH WEIGHTS AND MEAsURES—FoREIGN WEIGHTS AND 
Merasures—DecimaL EquivaLeENts—UsEFUL NumBERS—CrrcuLaR MEaAsuRES— AREAS OF AND 
CIRCUMFERENCES OF CIRCLES—AREAS OF SEGMENTS OF CircLEs—TaB_es OF SQUARES AND CUBES 
AND Roots or Numpers—T apres or LOGARITHMS OF NumBers— Tastes of HypErBo.ic 
LoGarirums — TaBLes or NATURAL Sines, ‘aNGENTS — TaBLEes oF Locarirumic SiGNs, 
TANGENTS, ETC. 

‘In these days of advanced knowledge a work like this is of the greatest value. It containsa 
vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman, wood 
or iron shipbuilder, can afford to be without this work.” —Nautical Magazine. i 


NAVAL ARCHITECTURE, An Exposition of the Elementary 


Principles. By J. PEAKE. Crown 8vo, cloth set 3s. 6d. 


NAVIGATION AND NAUTICAL ASTRON OMY. In 
Theory and Practice. By Prof. J. R. Younc. Crown 8vo, cloth 2s. 6d. 


“A very complete, thorough, and useful manual for the young navigator.” —Odservatory, 
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NAVIGATION, PRACTICAL. Consisting of the Sailor’s Sea 
Book, by J. GREENWOOD and W. H. Rosser ; together with Mathe- 
matical and Nautical Tables for the Working of the Problems, by 
H. Law, C.E., and Prof. J. R. YOUNG est 7s. 


PATTERN MAKING., Embracing the Main ‘Types of 
Engineering Construction, and_ including Gearing, Engine Work, 
Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts, 
Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, 
Weight of Castings, etc. By J.G. HORNER, A.M.I.M.E, Third Edition, 
Enlarged. With 486 Illustrations. Crown 8vo, cloth ... Net 78. 6d. 


«A well-written technical guide, evidently written by a man who understands and has practised 
what he has written about.’’—Bzzlder. 


PATTERN MAKING. A Practical Work on the Art of Making 
Patterns for Engineering and Foundry Work, including (among other 
matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern 
Shop Mathematics, Cost, Care, etc., of Patterns. By F. W. BARROWS. 
Fully Illustrated by Engravings made from Special Drawings by the 
Author. Crown 8vo, cloth ie Gee 83 ae Vet 6s. 


PaTTERN Makers AND ParTERN MakinGc—MareEriaLs AND TooLs—EXAMPLES OF PATTERN 
Work—METAL PATTERNS—PATTERN SHop MatTuHematTics—Cost, CARE, AND INVENTORY OF 
PaTTERNS—MaRKING aND RECORD OF PATTERNS—PATTERN ACCOUNTS. 4 


PIONEER ENGINEERING. A Treatise on the Engineering 


Operations connected with the Settlement of Waste Lands in New 
Countries. _By E. Doeson, M.Inst.C.E. Second Edition. Crown 8vo, 
cloth fee ee cee ee ar cer te ais 4s. 6d. 


PNEUMATICS. Including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By CHARLES TOMLINSON, F.R.S. 
Crown 8vo, cloth ... a Sis 5: ae as nae Is. 6d. 


PUMPS AND PUMPING. A Handbook for Pump Users. Being 


Notes on Selection, Construction, and Management. By M. Powis 
BALE, M.Inst.C.E., M.I.Mech.E. Fifth Edition. Crown 8vo, cloth 


3s. 6d. 


‘The matter is set forth as concisely as possible. In fact, condensation rather than diffuseness 
has been the author’s aim throughout ; yet he does not seem to have omitted anything likely to be of 
use.” —Journal of Gas Lighting. 


PUNCHES, DIES, AND TOOLS FOR -MANUFACTUR- 
ING IN PRESSES. By Jos—EPH V. WOODWORTH. Medium 8vo, cloth, 
482 pages with 700 Illustrations ... i Net 16s. 


SimpLE BENDING AND ForMING Digs, THEIR CONSTRUCTION, USE AND OPERATION—INTRI- 
CATE COMBINATION, BENDING AND ForminG Dies, ror AccuRATE anD Rapip PRopucTion— 
Automatic FoRMING, BENDING AND TwisTiInG Digs AND PuncuHEs, For DirFicuLT AND NovEL 
SHapiNG—CuT, Carry AND FoLtow DIEs, TOGETHER WITH Too, CoMBINATIONS FOR PROGRESSIVE 
SHEET METAL WorKING—NOTCHING, PERFORATING AND PigrcinG Puncugs, Dizs anp ‘Toors— 
ComposiTE, SECTIONAL, COMPOUND AND ARMATURE Disk AND SEGMENT PUNCHES AND DIES— 
PROCESSES AND TOOLS FOR MAKING RIFLE CARTRIDGES, CARTRIDGE CASES OF QUICK-FIRING GUNS 
AND NICKEL BULLET JACKETS—THE MANUFACTURE AND Use oF Digs ror DrawinG WIRE AND 
Bar STEEL—PENS, Pins, AND NEEDLES, THEIR EvoLUTION AND MANUFACTURE—PuncHES, Dies 
AND PROCESSES FOR Makinc Hypravtic Packinc LEATHERS, TOGETHER WITH TooLs FOR PaInt 
‘AND CHEMICAL TABLETS—DRAWING, RE-DRAWING, REDUCING, FLANGING, FoRMING, REVERSING 
‘AND CupPING Processes, PuNcHES AND Digs For CIRCULAR AND RECTANGULAR AND SHEET- 
METAL ARTICLES—BEADING, Wi1RING, CURLING AND SEAMING PuNCHES AND DikEs ror CLosiING 
‘AND ASSEMBLING of MetTaLt Parts—JEWELLERY Die-MakinG, Eve-Giass, Lens AND MEpAL 
Digs, AND CONSTRUCTION OF Spoon AND Fork-Makinc Toots—DeEsiGn, ConsTRUCTION AND UsE 
OF SuB-PRESSES AND SuB-Press Digs FoR WATCH AND CLocK WorK AND ACCURATE PIERCING 
AND PuNcHING—Drop FORGING AND Die-SINKING, TOGETHER WITH MakiINnG oF Drop Dizs 
SreaM-HAMMER Dies, NumBerR-PLATE Toors anv Diss For | Bott MAcHINES—METHOops, 
Desicns, Ways, Kinks, FORMULAS AND TOOLS FOR SPECIAL WORK, TOGETHER WITH MISCELLANEOUS 
INFORMATION OF VALUE TO Toot AND Diz-MAKeErRS AND SHEET-MeETAL Goops MANUFACTURERS— 
SPECIAL AND NovEL PROCESSES, PRESSES AND FEEDS FOR WORKING SHEET Mera In Dies, 


‘ 
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RECLAMATION OF LAND FROM TIDAL WATERS. 
A Handbook for Engineers, Landed Proprietors, and others interested 
in Works of Reclamation. By A. BEAZELEY, M.Inst.C.E. pie cloth 

et 10S. 6d. 


“The work contains a great deal of practical and useful information which cannot fail to be of 
service to engineers entrusted with the enclosure of salt marshes, and to landowners intending to 
reclaim land from the sea.”—The Engineer. 


REFRIGERATING AND ICE-MAKING MACHINERY. 
A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-making Installations, and others. By A. J. WALLIS-TAYLER, 
A.M. Inst.C.E. Third Edition, Enlarged. Crown 8vo, cloth 7s. 6d. 


‘* May be recommended as a useful description of the machinery, the processes, and of the facts, 
figures, and tabulated physics of refrigerating.” —Aueineer. 


REFRIGERATION AND ICE-MAKING POCKET-BOOK. 
By A. J. WALLIS-TAYLER, A.M. Inst.C.E., Author of “ Refrigerating and 
Ice-making Machinery,” etc. Fourth Edition. Crown 8vo, cloth 

Net 3s. 6d. 


REFRIGERATION, COLD STORAGE, AND ICE- 
MAKING. A Practical Treatise on the Art and Science of Refrigera- 
tion. By A. J, WALLIS-TAYLER, A.M. Inst.C.E., Author of “ Refrigerat- 
ing and Ice-Making Machinery.” 600 pp., with 360 IIlustrations, Medium 
8vo, cloth ... are one see ig : ce Vet 15s. 


“The author has ‘to be congratulated on the completion and production of such an important 
work, and it cannot fail to have a large body of readers, for it leaves out nothing that would in any 
way be of value to those interested in the subject.” —Steamship. 


RIVER BARS. The Causes of their Formation, and their Treat- 
ment by “Induced Tidal Scour”; with a Description of the Successful 
Reduction by this Method of the Bar at Dublin. By I. J. Mann, Assist. 
Eng. to the Dublin Port and Docks Board. Royal 8vo, cloth 7s. 6d. 


“We recommend all interested in harbour works—and, indeed, those concerned in the improve- 
ments of rivers generally—to read Mr. Mann’s interesting work.”—Exgineer, 


ROADS AND STREETS. By H. Law, C.E., and D. K. Crark, 
C.E. Revised, with Additional Chapters by A. J. WALLIS-TAYLER, 
A.M.Inst.C.E. Seventh Edition. Crown 8yo, cloth... es 6s. 


A book which every borough surveyor and engineer must Possess, and which will be of con- 
siderable service to architects, builders, and property owners generally.” —Buclding News, 


ROOFS OF WOOD AND IRON. Deduced chiefly from the 
Works of Robison, Tredgold, and Humber, By E. W. Tarn, M.A.,, 
Architect. Fifth Edition. Crown 8vo, cloth coe Is. 6d. 


SAFE RAILWAY WORKING. A Treatise on Railway Acci- 


dents, their Cause and Prevention; with a Description of Modern Appli- 
ances and Systems. By CLEMENT E. STRETTON, C.E. Third Edition, 
Enlarged. Crown 8vo, cloth Wes ; 35S. 6d. 


SAFE USE OF STEAM. Containing Rules for Unprofessional 
Steam Users. By an ENGINEER. Eighth Edition. Sewed  ... 6d. 


“Tf steam-users would but learn this little book b heart, boil i 
: : woul € ‘ er explosions wi 
sensations by their rarity,’ —Lnglish Mechanic. 2 ; r ieee eee 
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SAILMAKING. By Samuet B. SapLer, Practical Sailmaker, late 
in the employment of Messrs. Ratsey and Lapthorne, of Cowes and 


Gosport. Second Edition, Revised and Enlarged. Plates. 4to, cloth 
Net 12s. 6d. 


SAILOR’S SEA BOOK. A Rudimentary Treatise on Navigation. 
By JAMES GREENWOOD, B.A. With numerous Woodcuts and Coloured 
Plates. New and Enlarged Edition. By W. H. Rosser. Crown 8vo, 
cloth Sus = Re ; hia ma 2s. 6d. 


SAILS AND SAILMAKING. With Draughting, and the Centre of 
Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and 
Sails of Steam Vessels, etc. By R. Kippinc, N.A. Crown 8vo, cloth 

2s. 6d. 


SCREW-THREADS, and Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw-Cutting 
Lathes. By PauL N. HAstuck, Author of “ Lathe-Work,” etc. Sixth 
Edition. Waistcoat-pocket size io Is. 6d. 


‘Full of useful information, hints, and. practical criticism. Taps, dies, and screwing tools 
generally are illustrated and their action described.” —Mechanical World. 


SEA TERMS, PHRASES, AND WORDS (Technical Dic- 
tionary. French-English, English-French), used in the English and 
French Languages. For the Use of Seamen, Engineers, Pilots, Ship- 
builders, Shipowners, and Shipbrokers. Compiled by W. PIRRIE, late of 
the African Steamship Company, F’cap. 8vo, cloth re a 5s. 


SHIPBUILDING INDUSTRY OF GERMANY. Compiled 
and Edited by G. LEHMANN-FELSKOWSKI. With Coloured Prints, Art 
Supplements, and numerous Illustrations throughout the text. Super- 
royal 4to, cloth : ids ae Vet 10s. 6d. 


SHIPS AND BOATS. By W. Bann. With numerous Illus- 


trations and Models. Tenth Edition. Crown 8vo, cloth ... 1s. 6d. 


SHIPS FOR OCEAN AND RIVER SERVICE. Principles 
of the Construction of. By H. A. SOMMERFELDT. Crown 8vo. 1s. 6d. 
ATLAS OF ENGRAVINGS. To illustrate the above. Twelve large 


folding Plates. Royal 4to, cloth Si ome a ie 7s. 6d. 
SMITHY AND FORGE. Including the Farrier’s Art and Coach 
Smithing. By W. J. E. CRANE. Crown 8vo, cloth... ae 2s. 6d. 


STATICS, GRAPHIC AND ANALYTIC. In their Practical 
Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice, 
Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and 
other Frameworks. By R. HUDSON GRAHAM, C.E, Containing Dia- 
grams and Plates to Scale. With numerous Examples, many taken from 
existing structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth. 16s. 
“ Mr, Graham’s book will find a place wherever graphic and analytic statics are used or studied,” 

—Engineer 
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STATIONARY ENGINE DRIVING. A Practical Manual 
for Engineers in Charge of Stationary Engines. By MICHAEL 
REYNOLDS, M.S.E. Eighth Edition. Crown 8vo, cloth, 3s. 6d.3 
cloth boards Be a5 fee bie ie oe 4s. 6d. 


“ The author is thoroughly acquainted with his subjects, and has produced a manual which is an 
exceedingly useful one for the class for whom it is specially intended.” —EZngineering. 


STATIONARY ENGINES. A Practical Handbook of their 
Care and Management for Men-in-Charge. By C. Hurst. Crown 8vo 
Vet Is. 


STEAM: THE APPLICATION OF HIGHLY SUPER- 
HEATED STEAM TO LOCOMOTIVES. Being a reprint from a 
Series of Articles appearing in ‘“‘The Engineer.” By ROBERT GARBE, 
Privy Councillor, Prussian State Railways. Translated from the German. 
Edited by LESLIE S. ROBERTSON, Secretary of the Engineering Standards 
Committee, M.Inst.C.E., M.I.Mech.E., M.Inst.N.A., etc. Medium 8vo, 
CLOG ManEEte nes Es Bic [ Just published. 7s. 6d. 


STEAM AND THE STEAM ENGINE. Stationary and 
Portable. Being an Extension of the Treatise on the Steam Engine of 
Mr. J. SEWELL. By D. K. Clark, C.E. Fourth Edition. Crown 8vo, 
cloth bike eS : a é § ; 3s. 6d. 


‘Every essential part of the subject is treated of competently, and ina popular style.” —Jroz, 


STEAM AND MACHINERY MANAGEMENT. A Guide 
to the Arrangement and Economical Management of Machinery, with 
Hints on Construction and Selection. By M. Powis BALE, M.Inst.M.E. 
Crown 8vo, cloth ... ses eee Ree aes ie 2s. 6d. 
‘*Gives the results of wide experience.” —Lioya’s Newspaper. 


STEAM ENGINE. A Practical Handbook compiled with especial 
Reference to Small and Medium-sized Engines. For the Use of Engine 
Makers, Mechanical Draughtsmen, Engineering Students, and users of 
Steam Power. By HERMAN HAEDER,C.E. Translated from the German, 
with additions and alterations, by H. H.P. POWLES, A.M.I.C.E , M.I.M.E. 
Third Edition, Revised. With nearly 1,100 Illustrations. Crown 8vo, 


cloth ‘ aoe a. a Vet 7s. 6d. 
‘* This is an excellent book, and should be in the hands of all who are interested in the construction 
and design of medium-sized stationary engines. . . . A careful study of its contents and the arrange- 


ment of the sections leads to the conclusion that there is probably no other book like it in this country. 
The volume aims at showing the results of practical experience, and it certainly may claim a complete 
achievement of this idea.”"— Nature, 


STEAM ENGINE. A Treatise on the Mathematical Theory of, 
with Rules and Examples for Practical Men. By T. BAKER, C.E. 


Crown 8vo, cloth ... mr Gat as Is. 6d. 
STEAM ENGINE. For the Use of Beginners. By Dr. LarpNER. 
Crown 8vo, cloth ... de aes Gas bes foe es Is. 6d. 


STEAM ENGINE. A Text-Book on the Steam Engine, with a 
Supplement on Gas Engines and Part II. on Heat Engines. By T. M. 
GOODEVE, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of “The Principles of Mechanics,” 
“The Elements of Mechanism,” etc. Fourteenth Edition, Crown 8vo 
cloth Ri Re ie was nes ase sas for ade 6s. 
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STEAM ENGINE (PORTABLE), A Practical Manual on its 
Construction and Management. For the Use of Owners and Users of 
Steam Engines generally. By WILLIAM DySON WANSBROUGH. 
Crown 8vo, cloth ... wei na : roe ie 3s. 6d. 


‘© This is a work of value to those who use steam machinery. . . . Should be read by everyone 
who has a steam engine, on a farm or elsewhere.” —Mark Lane Express. 


STEAM ENGINEERING IN THEORY AND PRACTICE. 
By GARDNER D. Hiscox, M.E. With Chapters on Electrical Engineer- 
ing. By NEWTON HarkisoON, E.E., Author of “Electric Wiring, Dia- 
grams, and Switchboards.” 450 pages. Over 4oo Detailed Engravings 

Net 12s. 6d. 
HstoRICAL—STEAM AND ITS PROPERTIES—APPLIANCES FOR THE GENERATION OF STEAM 

—Types oF BoILERS—CHIMNEY AND ITs WorK—Herar EconoMy OF THE FEED WaTER— 

Steam Pumps AND THEIR WoORK—INCRUSTATION AND ITS WorK—STEAM ABOVE ATMOSPHERIC 

PressuRE—FLow oF STEAM FROM NozzLeS—SUPERHEATED STEAM AND ITS Work—ADIABATIC 

EXPANSION OF STEAM—INDICATOR AND ITS WoRK—STEAM ENGINE PROPORTIONS—SLIDE 

VaLvE ENGINES AND VALVE Motion—Cor.iss ENGINE AND ITS VALvE GEAR—CoMPOUND 

ENGINE AND ITS THEORY—TRIPLE AND MuLtTipLE EXPANSION ENGINE—STEAM TURBINE— 

REFRIGERATION—ELEVATORS AND THEIR MaNAGEMENT—CoST OF PowER—STEAM ENGINR 

TRousLEs—ELEcTRIC PowER AND ELEcTRIC PLaNnTs. 


STONE BLASTING AND QUARRYING. _ For Building 
and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir J. BURGOYNE, K.C.B. Crown 8vo, cloth ... .. IS. 6d. 


STONE- WORKING MACHINERY. A Manual dealing with 
the Rapid and Economical Conversion of Stone. With Hints on the 
Arrangement and Management of Stone Works. By M. Powis BALE, 
M.Inst.C.E. Crown 8vo, cloth ioe oer sae Qs. 


“ Should be in the hands of every mason or student of stonework.’’—Colliery Guardian. 


STRAINS, HANDY BOOK FOR THE CALCULATION 
OF, In Girders and Similar Structures and their Strength. Consisting 
of Formule and Corresponding Diagrams, with numerous details for 
Practical Application, etc. By WILLIAM HUMBER, A.M. Inst.C.E., ete. 
Sixth Edition. Crown 8vo, with nearly 100 Woodcuts and 3 Plates, 
cloth Eas Pau nee ae ion : a 7s. 6d. 
“We heartily commend this really handy book to our engineer and architect readers.”— 

English Mechanic. 


STRAINS ON STRUCTURES OF IRONWORK. With 


Practical Remarks on Iron Construction, By F. W. SHEILDS, 
M.Inst.C.E. 8vo, cloth Pe BSc 


SUBMARINE TELEGRAPHS. Their History, Construction, 
and Working. Founded in part on Wunschendorffs “ Traité de Télé- 
graphie Sous-Marine,” and compiled from Authoritative and Exclusive 
Sources. By CHARLES BRIGHT, F.R.S.E., A.M.Inst.C.E., M.I.Mech.E., 
M.I.E.E. Super royal 8vo, nearly 800 pages, fully Illustrated, including 
a large number of Maps and Folding Plates, strongly bound in cloth. 

Net £3 35. 


“Mr. Bright’s interestingly written and admirably illustrated book will meet with a welcome 
reception from cable men.” —Electrician. 
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SUPERHEATED STEAM, THE APPLICATION OF, TO 
LOCOMOTIVES. See STEAM. 


SURVEYING AS PRACTISED BY CIVIL ENGINEERS 
AND SURVEYORS, Including the Setting-out of Works for Construc- 
tion and Surveys Abroad, with many Examples taken from Actual 
Practice. A Handbook for Use in the Field and the Office, intended also 
as a Text-book for Students. By JOHN WHITELAW, Jun., A.M.Inst.C.E., 
Author of “ Points and Crossings.” With about 260 Illustrations. Second 
Edition. Demy 8vo, cloth aie +. wk Vet 10s. 6d. 


SURVEYING WITH THE CHAIN ONLY—SURVEYING WITH THE AID oF ANGULAR INSTRUMENTS— 
LEVELLING—ADJUSTMENT oF INSTRUMENTS—R AILWAY (INCLUDING Roap) SuRVEYS AND SETTING 
OuT—TAcHEOMETRY oR STADIA SURVEYING—TUNNEL ALIGNMENT AND SETTING Out—Surveys 
FOR WaTER Supply WorKS—HyYDROGRAPHICAL OR MARINE SURVEYING—ASTRONOMICAL OBSERVA- 
TIONS USED IN SURVEYING—EXPLANATION OF ASTRONOMICAL TERMS—SURVEYS ABROAD IN 
Juncte, Dense Forest, AND UnMAprpED Open CouNTRY—-TRIGONOMETRICAL OR GEODETIC 
SURVEYS. 

“This work is written with admirable lucidity, and will certainly be found of distinct value both 
to students and to those engaged in actual practice.” — The Builder. 


SURVEYING, LAND AND ENGINEERING. For Students 
and Practical Use. By T. BAKER, C.E. Twentieth Edition, by F. E. 
DIxon, A.M.Inst.C.E. With Plates and Diagrams. Crown 8vo, cloth 

2s. 

SURVEYING, LAND AND MARINE. In Reference to the 
Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns’ 
Water Supplies; Docks and Harbours. With Description and Use of 
Surveying Instruments. By W. Davis HasKOLL, C.E. Second Edition, 
Revised, with Additions. Large Crown 8vo, cloth a i Qs. 


“This book must prove of great value to the student. We have no hesitation in recommending 
it, feeling assured that it will more than repay a careful study.” —Mechanical World. 


SURVEYING, PRACTICAL. A Text-book for Students Pre- 
paring for Examinations or for Survey Work in the Colonies. By 
GEORGE W. USILL, A.M. Inst.C.E. Eighth Edition, thoroughly Revised 
and Enlarged by ALEX. BEAZLEY, M.Inst.C.E. With 4 Lithographic 
Plates and 360 Illustrations. Large crown 8vo, 7s. 6d. cloth ; or, on 


thin paper, leather, gilt edges, rounded corners, for pocket use, 12s. 6d. 

Orpinary SURVEYING—SURVEVING INSTRUMENTS—TRIGONOMETRY REQUIRED IN SURVEYING 
—CuAIN-SURVEYING—THEODOLITE SURVEYING— TRAVERSING— Town-SuURVEYING — LEVELLING— 
ConTouRING—SETTING ouT CuRVES—OFFICE WorkK—LAND QuanTITIES—CoLontaL LICENSING 
REGULATIONS—HyPpsoMETER TABLES—INTRODUCTION TO TasLes oF Narurat SINEs, ETC.—~ 
Naturav Sines anp Co-Sines—NaTuRAL TANGENTS AND Co-TANGENTS—NaTURAL SECANTS 
AND Co-SECANTS. 

‘The first book which should be put in the hands of a pupil of civil engineering,” —Architect. 


SURVEYING, TRIGONOMETRICAL. An Outline of the 
Method of Conducting a Trigonometrical Survey. For the Formation of 
Geographical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, etc., with Useful Problems, Formule and Tables. 
By Lieut.-General FROME, R.E. Fourth Edition, Revised and partly 
Re-written by Major-General Sir CHARLES WARREN, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, Royal 8vo, cloth ... as 16s. 


SURVEYING WITH THE TACHEOMETER. A Practical 
Manual for the Use of Civil and Military Engineers and Surveyors, 
including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By NEIL 
KENNEDY, M.Inst.C.E. With Diagrams and Plates. Second Edition, 
Demy 8vo, cloth... re : : Vet 10s. 6d. 


_“ The work is very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of making use of this useful and rapid instrument.”—WNature. 
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SURVEY PRACTICE. For Reference in Surveying, Levelling, 
and Setting-out ; and in Route Surveys of Travellers by Land and Sea. 
With Tables, Illustrations, and Records. By L. D’A. JACKSON, 
A.M. Inst.C.E. Third Edition. 8vo, cloth ... mer 12s. 6d. 


SURVEYOR’S FIELD BOOK FOR ENGINEERS AND 
MINING SURVEYORS, Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and Use of Theodolite for Traverse Surveying 
and Plotting the work with minute accuracy by means of Straight Edge 
and Set Square only ; Levelling with the Theodolite, Setting-out Curves 
with and without the Theodolite, Earthwork Tables, etc. By W. Davis 
HASKOLL, C.E. With numerous: Woodcuts. Fifth Edition, Enlarged. 
Crown 8vo, cloth i 2 ds 12s. 


TECHNICAL TERMS, English-French, French-English : A Pocket 
Glossary ; with Tables suitable for the Architectural, Engineering, Manu- 
facturing, and Nautical Professions. By JOHN JAMES FLETCHER. 
Fourth Edition, 200 pp Waistcoat-pocket size, limp leather... 1S. 6d. 


TECHNICAL TERMS, Eng.-Spanish, Spanish-Eng.: A Pocket 
Glossary of Engineering, Technical, Nautical and Mining Terms. By 

R. D. MONTEVERDE, B.A. (Madrid). 
[in preparation. Price about 2s. Net. 


TELEPHONES: THEIR CONSTRUCTION, INSTAL- 
LATION. WIRING, OPERATION AND MAINTENANCE. A 
Practical Reference Book and Guide for Electricians, Wiremen, Engi- 
neers, Contractors, Architects, and others interested in Standard Tele- 
phone Practice. By W. H. RADCLIFFE and H. C. CUSHING, JR. 
180 pages. With 125 Illustrations. Fcap. 8vo, cloth. 

[ Just published. Net 4s. 6d. 


TELEPHONES: FIELD TELEPHONES FOR ARMY 
USE: INCLUDING AN ELEMENTARY COURSE IN ELECTRI- 
CITY AND MAGNETISM. By Lieut. E. J. STEVENS, D.O., R.A, 
A.M.LE.E., Instructor in Electricity, Ordnance College, Woolwich. 
Crown 8vo, cloth. With Illustrations. | Just published. Net 2s. 


Batrertes— Evectricat Circurrs ~Macnetism — Inpuction — MicrRoPHONES AND RE- 
CEIVERS—PORTABLE AND FIELD TELEPHONE SETS—SeELF-InDucTION, INDUCTIVE CAPACITY, ETC. 


TELEPHONY. See WIRELESS TELEPHONY and WIRELESS 
TELEGRAPHY. 


TOOLS FOR ENGINEERS AND WOODWORKERS. 
Including Modern Instruments of Measurement. By JOSEPH HORNER, 
A.M. Inst.M.E., Author of “Pattern Making,” etc. Demy 8vo, with 
456 Illustrations ne £ q i> free 4 Net gs. 


SUMMARY OF CONTENTS :—Inrropuction—GENERAL Survey oF Toots—Toor ANGLES 
—Sec. I. CuiseL Grourp—CHISELS AND APPLIED ForMS FOR WcopworKERS—PLANES—HaND 
CuIseLs AND AppLiep Forms ror MeTaL WorkinG—CuisEL-LikE Toots ror Merat TuRNING, 
PLANING, ETC.—SHEARING ACTION AND SHEARING Toors—Sec. IJ. Exampites OF SCRAPING 
Toots—Sec. III. Toors— RELATING TO CHISELS AND Scrapes—Saws—FiLEs—MiILiine 
Cutrers—Borinc Toots ror Woop anp Merar—Tars AND Dies—Sec. 1V. PERCUSSIVE AND 
Movu.pinc Toors—Puncues, HAMMERS AND CAULKING Toots—Moutpinc AND MODELLING 
TooLts—MISCELLANEOUS Tooits—Sec. V. HarpENINnG, TEMPERING, GRINDING AND SHARPENING 
—Sec. VI. Toors ror MEASUREMENT AND TEST—STANDARDS OF MEASUREMENT--SQUARES, 
Surrace PLaTEs, LEVELS, BEVELS, PROTRACTORS, ETC.—SURFACE GAUGES OR SCRIBING BLocKs 
—CompassEs AND Di1vIDERS—CALIPERS, VERNIER CALIPERS, AND RELATED ForMsS—MICROMETER 
CaLirERS—DeEPTH GAUGES AND Rop GauGcEs—Snap CYLINDRICAL AND Limit GauGES—ScREW 
THREAD, WIRE AND REFERENCE GAUGES—INDICATORS, ETC. 
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TOOTHED GEARING, A Practical Handbook for Offices and 
Workshops. By J. HORNER, A.M.I.M.E. Second Edition, with a New 
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, vig 

Ss. 


TRAMWAYS: THEIR CONSTRUCTION AND WORK- 
ING, Embracing a Comprehensive History of the System; with an 
exhaustive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Cable Traction, Electric Traction, &c. ; a Description of 
the Varieties of Rolling Stock ; and ample Details of Cost and Working 
Expenses. New Edition, thoroughly revised, and Including the Progress 
recently made in Tramway Constriction, etc. By D. KINNEAR CLARK, 
M.Inst.C.E. With 4oo Illustrations. 8vo, 780 pp. buckram  ... 28s. 


TRUSSES OF WOOD AND IRON, Practical Applications 
of Science in Determining the Stresses, Breaking Weights, Safe Loads, 
Scantlings, and Details of Construction. With Complete Working 
Drawings. By W. GRIFFITHS, Surveyor. Oblong 8vo, cloth 48s. 6d. 


“This handy little book enters so minutely into every detail connected with the construction of 
roof trusses that no student need be ignorant of these matters.” —Pvactical Engineer. 


TUNNELLING. ‘A Practical Treatise. By CHarLEs PRELINI, C.E. 
With additions by CHARLEs S. HILL, C.E. With 150 Diagrams and 
Illustrations. Royal 8vo, cloth BS oe i: 


TUNNELLING, PRACTICAL. Explaining in detail Setting-out 
the Works, Shaft-sinking, and Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering and the Construction 
of the Brickwork of Tunnels, By F. W. Ss, M.Inst.C.E. Fourth 
Edition, Revised and Further Extended, including the most recent (1895) 
Examples of Sub-aqueous and other Tunnels, by D. KINNEAR CLARK, 
M.Inst.C.E. With 34 Folding Plates, Imperial 8vo, cloth ... £2 2s. 


TUNNEL SHAFTS, A Practical and Theoretical Essay on the 
Construction of large Tunnel Shafts. By J. H. Watson Buck, 
M.Inst.C.E., Resident Engineer, L. and N.W.R. With Folding Plates, 
8vo, cloth a a. i, x : 12s. 


“ Will be regarded by civil engineeers as of the utmost value, and calculated to save much time 
and obviate many mistakes.” —Colliery Guardian. 


WAGES TABLES. At 54, 52, 50 and 48 Hours per Week. Show- 
ing the Amounts of Wages from One quarter of an hour to Sixty-four 
hours, in each case at Rates of Wages advancing by One Shilling from 


4s. to 555. per week. By TuHos, GARBUTT, Accountant, Square Crown 
8vo, half-bound ... = 2 : ee est ee 6s. 


WATER ENGINEERIN G. A Practical Treatise on the Measure- 
ment, Storage, Conveyance, and Utilisation of Water for the Supply of 
Towns, for Mill Power, and for other Purposes. By CHARLES SLAGG 
A.M.Inst.C.E. Second Edition. Crown 8vo, cloth... 36 7S. 6d. 


WATER, POWER OF, As Applied to Drive Flour Mills and to 
give Motion to Turbines and other Hydrostatic Engines, By JosEerH 
GLYNN, F.R.S., etc. New Edition. Illustrated. Crown 8vo, cloth as, 
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WATER SUPPLY OF CITIES AND TOWNS. By 
WILLIAM HUMBER, A.M.Inst.C.E. and M.Inst.M.E., Author of “Cast 
and Wrought Iron Bridge Construction,” etc., etc. Illustrated with 50 
Double Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 
250 Woodcuts, and containing 400 pp. of Text. Imperial 4to, elegantly 
and substantially half-bound in morocco ... va oes Vet £6 6s. 


LIST OF CONTENTS:—I. HisroricaL SKETCH OF SOME OF THE MEANS THAT HAVE 
REEN ADOPTED FOR THE SUPPLY OF WATER TO CITIES AND Towns—II. WaTER AND THE 
ForEIGN MatTrreER USUALLY ASSOCIATED wiTH 1T.—lII. RatnraLt ann Evaporation.—IV. 
SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DisTRIcTs.—V. MEASUREMENT 
AND ESTIMATION OF THE FLow oF WaTeER.—VJ. ON THE SELECTION OF THE SOURCE OF 
Suprpty.—VII. Wetis.—VIII. Reservorrs.—IX. THe PuriricaTion of WaTER.—X. Pumps.— 
XI. Pumpinc Macuinery.—XII. Conpuirs.—XIII. Distrisution or WaTER.—XIV. METERs, 
SeRvICE Pipes, anD House Firtincs.—XV. THE Law anp Economy or WaTER WorKS.— 
XVI. ConsTanT anpD INTERMITTENT SuppLy.—XVII. DescripTrion oF PLATES—APPENDICES, 
GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, ETC., ETC., TOGETHER WITH SPECIFICATIONS 
oF SEVERAL Works ILLUSTRATED, AMONG WHICH WILL BE FOUND: ABERDEEN, BIDEFORD, 
CanTERBURY, DuNDEE, Hatirax, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS. 


“The most systematic and valuable work upon water supply hitherto produced in English, or in 
any other language. Mr. Humber’s work is characterised almost throughout by an exhaustiveness 
much more distinctive of French and German than of English technical treatises.’’—Augineer. 


WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATERWORKS. A Practical Treatise for the 
Use of Engineers and Students of Engineering. By W. K. BURTON, 
A.M. Inst.C.E., Consulting Engineer to the Tokyo Waterworks. Third 
Edition, Revised. Edited by ALLAN GREENWELL, F.G.S., A.M. Inst.C.E., 
with numerous Plates and Illustrations. Super-royal 8vo, buckram 

| Just published. 25s. 


I. InrRopucrory.—Il. DirFERENT Qua.iTies oF WaTER.—III, Quantity oF WATER TO BE 
PRovIDED.—IV. On ASCERTAINING WHETHER A PROPOSED SOURCE OF SUPPLY IS SUFFICIENT.—V. 
On EsTIMATING THE STORAGE Capacity REQUIRED TO BE ProviDED.—VI. CLASSIFICATION OF 
WaterRworks.—VII. ImpounpING ReEsERvorrS.—VIII. EartHwork Dams,—IX. Masonry 
Dams.—X. THE PuRIFICATION OF WaTER.—XI. SETTLING RESERVOIRS.—XII. Sanp FILtTRaA- 
TION.—XIIT1. PurtFICATION OF WATER By ACTION OF IRON, SOFTENING OF WATER BY ACTION OF 
Lime, NaTurat FirtraTion.—XIV. SERVICE oR CLEAN WATER RusERVOIRS—WATER TowERS— 
STAND Pirgs.—XV. THe CoNNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE 
RESERVOIRS.—X VI. Pumpinc Macuinery.—XVII. FLow or WaTER IN ConvUITS—PIPES AND 
Open CHANNELS.— XVIII. DistrRipuTION SySTEMS.—XIX. SPECIAL PROVISIONS FOR THE EXTINC- 
TION OF FIRES.—XX. Pires FOR WATERWORKS.—XXI. PREVENTION OF WASTE OF WATER.— 
XXII. Various APPLIANCES USED IN CONNECTION WITH WATERWORKS. 


Appenpvix I. By Pror. Jonn Mitnez, F.R.S.—ConsmmERATIONS CONCERNING THE PROBABLE 
Errects oF EARTHQUAKES ON WATERWORKS AND THE SPECIAL PRECAUTIONS TO BE TAKEN IN 
EARTHQUAKE COUNTRIES, 


Apprenpix II. By Joun De Rijxe, C.E.—On Sanp Dunes anp Dune Sanps As A SouRCE OF 
WATER SUPPLY. 


‘We congratulate the author upon the practical commonsense shown in the preparation of this 
work, . . . The plates and diagrams have evidently been prepared with great care, and cannot 
fail to be of great assistance to the student.” —Buzlder. 


WATER SUPPLY, RURAL. A Practical Handbook on the 
Supply of Water and Construction of Water Works for small Country 
Districts. By ALLAN GREENWELL, A.M. Inst.C.E., and W. T. CuRRY, 
A.M.Inst.C.E., F.G.S. With Illustrations. Second Edition, Revised. 
Crown 8vyo, cloth aia ig ae ee San aa On 5S. 


“The volume contains valuable information upon all matters connected with water supply. ... 
It is full of details on points which are continually before water-works engineers.” —Nature. 


WELLS AND WELL-SINKING., By J. G. Swinve 1, A.R.I.B.A., 


and G. R. BURNELL, C.E. Revised Edition. Crown 8vo, cloth 2s. 
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WIRELESS TELEGRAPHY: ITS THEORY AND 
PRACTICE, A Handbook for the use of Electrical Engineers, Students, 
and Operators. By JAMES ERSKINE-MURRAY, D.Sc., Fellow of the 
Royal Society of Edinburgh, Member of the Institution of Electrical 
Engineers. Demy 8vo, 338 pages, with over 130 Diagrams and Illus- 
trations... oa ae ae oe aa er ... Vet 10s. 6d. 
ADAPTATIONS OF THE ELEcTRIC CURRENT TO TELEGRAPHY—EARLIER ATTEMPTS AT WIRE- 

LESS TELEGRAPHY—APPARATUS USED IN THE PRODUCTION OF HIGH FREQUENCY CURRENTS— 

DETECTION oF SHORT-LiveD CURRENTS OF HIGH FREQUENCY BY MEANS OF IMPERFECT 

ExvectricaL ContTacts—DETECTION oF OSCILLATORY CURRENTS OF HIGH FREQUENCY BY 

THEIR EFFECTS ON MAGNETISED IRON—THERMOMETRIC DETECTORS OF OSCILLATORY CURRENTS 

or HicH FRrEQUENCY—ELEcTROLYTIC DETECTORS—THE Marcont SystTeEM—TuHE LopGE- 

MurirHeAD SystEM—THE FESSENDEN SystTeEM—THE HozieER-BRowN SysTEM— WIRELESS 

TELEGRAPHY IN ALASKA—THE DE Forest SysTEM—THE PouLsEN SyYSTEM—THE TELEFUNKEN 

SysTEM—DIRECTED SYSTEMS—SOME POINTS IN THE THEORY OF JIGS AND JIGGERS—ON 

THEORIES OF TRANSMISSION — WORLD-WaAvVE ‘TELEGRAPHY — ADJUSTMENTS, ELECTRICAL 

MEASUREMENTS AND Fautt FinpiInc—On THE CALCULATION OF A SYNTONIC WIRELESS 

TELEGRAPH STATION—TABLES AND NOTEs. 

«c., . . Aserious and meritorious contribution to the literature on this subject. The Author 
brings to bear not only great practical knowledge, gained by experience in the operation of wireless 
telegraph stations, but also a very sound knowledge of the principles and phenomena of physical 
science. His work is thoroughly scientific in its treatment, shows much originality throughout, and 
merits the close attention of all students of the subject.” —Engineering. 


WIRELESS TELEPHONY IN THEORY AND PRAC- 
TICE, By ERNST RUHMER. _ Translated from the German by 
J. ERSKINE-MURRAY, D.Sc., M.I.E.E., etc. Author of “A Handbook 
of Wireless Telegraphy.” With numerous Illustrations. Demy 8vo, 
Glovnamsn. es i aoe ee [ Just published. Net 10s. 6d. 


WORKSHOP PRACTICE. As applied to Marine, Land, and 
Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Shipbuilding, etc. By J. G. Winton. Fourth Edition, Illustrated. 
Crown 8vo, cloth ... ane ae mae ide te ie 3s. 6d. 


, a 
WORKS’ MANAGER’S HANDBOOK. Comprising Modern 
Rules, Tabies, and Data. _ For Engineers, Millwrights, and Boiler 
Makers ; Toolmakers, Machinists, and Metal Workers’; Iron and Brass 
Founders, etc. By W. S. HUTTON, Civil and Mechanical Engineer, 
Author of “The Practical Engineers Handbook,” Seventh Edition, 
carefully Revised and Enlarged. Medium 8vo, strongly bound 15S. 
STATIONARY AND Locomotive STEAM-ENGINEs, Gas PRODUCERS, Gas-EncInEs, O1L-ENGINES 
eTC.—HypRAULIC MEMORANDA: PipEs, Pumps, WATER-PoWER, ETC.—MILLWORK: SHAFTING, 
GearinG, Puttrys, ETc.—STEAM Borers, SAFETY VALVES, FACTORY CHIMNEYs, ETC. 
—Heat, Warminc, AND VENTILATION—MELTING, CUTTING, AND FINISHING METALts— 


ALLoys AND CasTING—WHEEL-CurTING, SCREW-CuUTTING, ETC.—STRENGTH AND WEIGHT oF 
Matertats—WorksuHop Data, ETC. 


“ The volume is an exceedingly useful one, brimful with engineer’s notes, memoranda and rules 
and well worthy of being on every mechanical engineer’s bookshelf.”—Mechanical World. f : 
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PUBLICATIONS OF THE 
ENGINEERING STANDARDS COMMITTEE. 


ESSRS, CROSBY LOCKWOOD and SON, having been appointed 
OFFICIAL PUBLISHERS, to the ENGINEERING STANDARDS 
COMMITTEE, beg to invite attention to the List given below 

of the Publications already issued by the Committee, and will be prepared 
to supply copies thereof and of all subsequent Publications as issued. 








The ENGINEERING STANDARDS COMMITTEE is the outcome of a 
Committee appointed by the Institution of Civil Engineers at the instance 
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of 
Standardising Rolled Iron and Steel Sections. 


The Committee as now constituted is supported by the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, the Institution of Naval 
Architects, the Iron and Steel Institute, and the Institution of Electrical 
Engineers ; and the value and importance of its labours—not only to the 
Engineering profession, but to the country at large—has been emphatically 
recognised by His Majesty’s Government, who have made a liberal grant 
from the Public Funds by way of contribution to the financial resources of 
the Committee, and have placed at its disposal the services (on the several 
Sub-Committees) of public officials of the highest standing selected from 
various Government Departments. 


The subjects already dealt with, or under consideration by the Committee, 
include not only Rolled Iron and Steel Sections, but Tests for Iron and 
Steel Material used in the Construction of Ships and their Machinery, 
Bridges and General Building Construction, Railway Rolling Stock Under- 
frames, Component Parts of Locomotives, Railway and Tramway Rails, 
Electrical Plant, Insulating Materials, Screw Threads and Limit Gauges, 
Pipe Flanges, Cement, etc. ? 


These particulars will be sufficient to show the importance to the Trade 
and Industries of the Empire of the work the Committee has undertaken. 


Reports already published :— 


1. BRITISH STANDARD SECTIONS (9 lists).—ANGLES, EQUAL AND 
UNEQUAL—BULB ANGLES, TEES AND PLATES—Z AND T BARS—CHANNELS 


BEAMS aa wae vis ee NG aie sae nae 1s. Vet. 
2, TRAMWAY RAILS AND FISH-PLATES a ae 2s. Ver, 
3. REPORT ON THE INFLUENCE OF GAUGE LENGTH. By 
Professor W. C. UNWIN, F.R.S. ... ey EP Ba 2s. 6d. Wet. 

4. PROPERTIES OF STANDARD BEAMS, (/ncluded in No. 6.) 
1s. LVet. 


5. STANDARD LOCOMOTIVES FOR INDIAN RAILWAYS, 
10s. 6d. Ver. 
6. PROPERTIES OF BRITISH STANDARD SECTIONS, Diagrams, 
Definitions, Tables, and Formule ‘ies a aa ae 5s. Wei. 
[Parioy 
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10. 
It. 
12. 


2 


13 
14. 
Tse 


16. 


17. 


20. 
21. 
22. 


23. 
24. 


25. 
26. 
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- PUBLICATIONS OF THE ENGINEERING STANDARDS COMMITTEE—(concd.) 


TABLES OF COPPER Cee AND THICKNESSES 
OF DIELECTRIC : ee 2s. 6d. Wet. 


TUBULAR TRAMWAY ‘POLES wa ibs ee ee 5s. Wet. 
BULL-HEADED RAILWAY RAILS oes ff 10s. 6d. We. 
TABLES OF PIPE FLANGES are a) 2s. 6d. Wet. 
FLAT-BOTTOMED RAILWAY RAILS . as 10s. 6d. Wet. 
SPECIFICATION FOR PORTLAND CEMENT 2s. 6d. Net. 
STRUCTURAL STEEL FOR SHIPBUILDING... 2s. 6d.. Wet. 


STRUCTURAL STEEL FOR MARINE BOILERS 2s. 6d. Wet. 
STRUCTURAL STEEL FOR BRIDGES AND GENERA BUILD- 


ING CONSTRUCTION ee 2s. 6d. Wet. 
SPECIFICATIONS AND TABLES ‘FOR. TELEGRAPH 
MATERIAL 10s. 6d. Wet. 
INTERIM REPORT ON ELECTRICAL MACHINERY Wages 
é. 
REPORT ON TEMPERATURE EXPERIMENTS: on FIELD 
COILS OF ELECTRICAL MACHINES . e E 5s. Wet. 
BRITISH STANDARD SCREW THREADS ... 2s. 6d. Net. 
BRITISH STANDARD PIPE THREADS a 2s. 6d. Wet. 
THE EFFECT OF TEMPERATURE ON INSULATING 
MATERIALS _.. 5s. Wet. 


STANDARDS FOR “TROLLEY GROOVE "AND WIRE 1s. Wet. 
MATERIAL USED IN THE CONSENS tty OF RAILWAY 


ROLLING STOCK se... = 10s. 6d. Wet. 
ERRORS IN WORKMANSHIP. Based on Measurements carried out 
by the National Physical Laboratory os es 10s. 6d. Wet. 


SECOND REPORT ON LOCOMOTIVES. FOR INDIAN RAIL- 
WAYS ; 10s. 6d. Vet. 


STANDARD ‘SYSTEMS FOR ‘LIMIT GAUGES. (Running. oo 


Net. 
NUTS, BOLT-HEADS, AND SPANNERS ie 2s. 6d. Net. 
INGOT STEEL FORGINGS FOR MARINE “Eee ae 
. Net. 
INGOT STEEL CASTINGS FOR MARINE PURPOSES, “a 
2s. - Net. 
STEEL CONDUITS FOR ELECTRICAL WIRING 2s. 6d. Vet. 
STEEL BARS (for use in Automatic Machines)... oe 2s. 6d. Nez. 
CARBON FILAMENT GLOW LAMPS . : 5s. Wet. 
WHITWORTH, FINE, ANG a THREADS, (Mounted on card 
and varnished. ) 6d. Wet. 


COPPER ALLOY ‘BARS tier use in aaunae Meek nes) 2s. 6d. Wet. 
STANDARDS FOR ELECTRICAL MACHINERY. 2nd Report. 


1s. Wet. 
CONSUMERS ELECTRIC SUPPLY gi vies Type for 
Continuous and Single-Phase Circuits) ... - Od. Wet. 
LIMIT GAUGES FOR SCREW THREADS ce Bx 1s. Net. 
COMBINED oe 2 a SS Ae Seng (containing Nos. 
ZO 205.30), 0 aes ses 3s. 6d. Wet. 


London: Crosby Lockwood & Son, 
7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C. 


and 121a, Victoria Street, Westminster, S.W. 
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